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Commodus 


Septimius Severus 


Didius Julianus 


Fic. 1. Galen in the garb of Aesculapius and holding a statuette of the god in his hand, 
surrounded by the six emperors of his acquaintance. He was for years personal physician 
to Commodus, advised in several illnesses Marcus Aurelius, who dubbed him “First of 
Physicians and of Philosophers,’’ and compounded the theriac for Septimius Severus. (Ga- 
len’s portrait from medal struck during reign of Commodus; the others from Duruy’s History 
of Rome, Boston, Estes and Lauriat, 1894). 
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GALEN’S TREATMENT OF PULMONARY TUBERCULOSIS 
( JOSEPH WALSH 


Classification of pulmonary tuberculosis. Treatment of haemoptysis. Treat- 
ment of pulmonary ulcer. Description of Stabiae; the Mecca for consumptives 
and its superexcellent milk. Other foodstuffs, especially chicken and pork. Human 
flesh. Organotherapy. Opium and cannabis always in the pantry and sometimes 
on the table. Beverages. Baths. Galen’s apparent connection with a quasi- 
sanatorium in Stabiae. Daily regimen of patient. 


Imbued in his student days with the importance of anatomy and 
physiology, Galen delved into their mazes over the first half of his life 
and was rewarded with many discoveries.!_ Visiting Rome, and later 
settling there, his ability was quickly recognized. Drawn, however, into 
conflict with its various medical sects? in regard to methods of treatment, 
he eventually relinquished the loves who had rewarded him so faithfully 
and devoted himself to prevention (hygiene) and therapeutics, which, 
unlike anatomy and physiology, were on a basis far from scientific. 

Obsessed with the idea that once disease has begun nature does nothing 
to stop it, and that cure is a matter of proper remedies, the majority of 
the physicians of the Capital spent their energy seeking new ones, or new 
combinations of old. Preéminently an age of drugs and compounds, of 
ointments and poultices, of revulsion and venesection, and of massage 
and baths, when this genius entered the arena he became second to 
nobody in his invention and description of means and methods, founded, 
however, only on theory and puerile experiment. 

Taught as a medical student to classify pulmonary conditions, except 
lobar pneumonia, under ulcer of the larynx, trachea or lung, he never got 
beyond this teaching, and we find here most of his cases of tuberculosis 


1 Prendergast, J. S.: The Background of Galen’s Life and Activities and its Influence on 
his Achievements, Proceedings of the Royal Society of Medicine, 1930, xxiii, 1131-1148. Singer, 
Charles: The Evolution of Anatomy, New York, Alfred A. Knopf, 1925. 

2 He himself was not only a professed regular, but a rabid antisectarian. See (1) Walsh, 
Joseph: Galen clashes with the Medical Sects at Rome, Medical Life, 1928, xxxv, 408-443, 
(2) Refutation of the Charges of Cowardice made against Galen, Annals of Medical History, 
new series iii, March, 1931. 
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JOSEPH WALSH 


which he endeavors to treat similarly to ulcers on the surface of the 
body.? 

The cause of this ulceration he attributed to traumatism (X, 312, 
313),4 to extension of inflammation (X, 368; XVII1, 62) from the nose or 
throat, or to chilling of the lungs (VIII, 288; X, 371). He reports cases 
of the three varieties and in the majority the ulceration was indicated 
by spitting of blood which he considered pathognomonic.°® 

The traumatism might be the result of a blow, a fall, the lifting of a 
heavy weight, wrestling, running, jumping, protracted use of the voice, 
or a loud call or whoop (X, 309-320; XVII, 642). The tearing of the 
lung tissue by the traumatism, with its accompanying haemorrhage, 
produced a fresh ulcer easily cured if treated at once, but, if allowed to 
continue, likely to become inflamed, rendering cure difficult or even 
impossible. 

Galen explains extension from the nose and pharynx as follows: The 
larynx is rendered moist by droppings from the head, and the voice be- 
comes hoarse. If the condition continues, the voice becomes weak, and 
is finally lost. When the dropping is sharp, the tissue is eaten away just 
as in a leg ulcer. When the ulceration extends to the lung and wasting 


or consumption occurs, the disease is called tabes, phthisis or phthoe (VI, 
421; XVIh, 62), 

The symptomatology on which Galen based his diagnosis of ulceration 
was limited to haemoptysis, pain in the larynx or chest, cough, expectora- 
tion, the ejection of scabs, or what appeared like lung tissue (VIII, 262), 
dyspnoea, wheezings and rumblings on respiration (X, 370), hoarseness, 
fever, night-sweats and wasting. 


3 This is evident throughout his lengthy dissertation in Book V of his monumental work 
entitled Methodus Medendi (Kuhn, vol. x), as has also been pointed out by L. Waldenburg: 
Die Tuberkulose, Berlin, August Hirschwald, 1869. 

4 The figures in parentheses refer to the volume and page of the Kuhn edition, Galeni 
Opera Omnia, Leipsic, 1821, in twenty-two volumes, which is the most widely disseminated 
publication of Galen’s works. 

5 According to recent statistics, 89 per cent of haemoptyses occurring in the Trudeau Sana- 
torium are caused by pulmonary tuberculosis (Heise and Brown: A Study of the Occurrence 
of Haemoptyses, Pleurisy, Rales, Tubercle Bacilli and X-Ray Findings in 1,000 Consecutive 
Cases admitted to the Trudeau Sanatorium, AMERICAN REVIEW OF TUBERCULOSIS, 1923, vi, 
1078). It must be remembered, however, that evident other pulmonary conditions, such as 
trauma, abscess and passive congestion from heart disease, which Galen would fail to differen- 
tiate, are not sent to a modern health resort, and hence are excluded from these statistics. 
Yet it is safe to say that more than 80 percent of haemoptyses observed by the Pergamite 
were caused by pulmonary tuberculosis. 


GALEN’S TREATMENT 3 
In the treatment there were three objects in view: (1) to stop the 
haemorrhage if it still continued; (2) heal the associated ulcer; and (3) 
cure the condition producing it. If produced by traumatism, only the 
first two came into consideration, because the traumatism was past; if 
produced by plethora or thinning or other condition of the blood, this 
was to be treated so as to prevent recurrence. Unnecessary to say, 
thinning of the blood was commonly associated with debilitated con- 
ditions, and building-up treatment was demanded. 

Galen insists that pulmonary ulceration is curable only in early, not 
advanced, stages. The latter were associated with irrepressible and in- 
curable cough, which, by irritating the ulcer, allowed its continuance, or 
still further increased its spread. Even in those cases, however, life 
might be prolonged. 

The earliest case was one seen immediately after an initial haemoptysis 
before cough had begun. If treated at this time Galen thought it pos- 
sible to heal the wound before inflammation took place. After inflam- 
mation began, as was indicated by fever, rapid pulse, and the expectora- 
tion of pus, endeavor was still made to cure, though this was much less 
frequently successful. 


Treatment of Haemoptysis: Haemorrhage on the surface of the body 
Galen recognized to be always due to wounding of a blood-vessel; haem- 
orrhage from cavities like the nose, uterus or rectum, might be due also 
to oozing of very thin blood, or oozing produced by stretching of the 
vessel wall through plethora, or through a condition of the blood analo- 
gous to flatulence (X, 311). In case of wound of a definite-sized vessel, 
he ligatured; if the vessel was in a normal body cavity beyond reach, or 
if the haemorrhage was due to oozing he employed rest, revulsion (X, 
314), refrigeration of the part and of the body generally by cold com- 
presses and cooling drinks (X, 327), and internally astringents for their 
styptic effect. He objected to the actual cautery and escharotics, like 
vitriol (copper sulphate, X, 315, 320, 324, 325), except in putrefying and 
rapidly spreading erosions seen most commonly about the genitals and 
anus (X, 326). 

For instance, in bleeding from the nose, he applied cups just below the 
ribs, on the right side if from the right nostril, on the left side if from the 
left, and over both sides if from both nostrils (X, 316). If the epistaxis 
continued he opened a vein at the elbow, took a small amount of blood, 
and repeated the venesection every hour till result was achieved, or the 
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Fic. 2. View from modern villa at Stabiae, showing the luxuriant vegetation, the beauti- 
ful Bay of Naples,and the awe-inspiring Vesuvius, in order to give an idea of the entrancing 
prospect enjoyed by Galen’s consumptive patients seventeen hundred years ago. (Photo- 
graph from Trollope’s Jtaly.) 
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GALEN’S TREATMENT 


patient showed signs of weakness. In case the individual was very 
young, debilitated or pregnant, or when the weather was very hot 
(X, 778), venesection was never done, and he produced revulsion by 
friction of the joints of the legs and arms, or by tying off the extremities. 

This last had come down from Erasistratus four hundred and fifty 
years before, who was opposed to venesection. By this procedure of 
putting a binder or tourniquet on the extremities only sufficiently tight 
to prevent the return of the blood through the veins, the blood was re- 
moved temporarily from the circulation without removing it from the 
body. In spite of their complete failure to understand the circulation, 
the ancients learned empirically how to apply the binder so as to ac- 
complish this purpose. 

He then applied cold compresses to the head and insisted that they 
were not to be employed before revulsion, since cold applied locally may 
have the effect of producing stagnation of blood in the part, with con- 
tinuance of the haemorrhage (X, 331). 

In an analogous way for haemoptysis Galen recommended (X, 341) 
repose in bed, vocal rest, quiet shallow breathing, revulsion, local and 
general refrigeration of the body and internally astringents. If the 
bleeding was in the form of continuously repeated bloody sputum he took 
a small amount of blood (apparently about six ounces) from the bend of 
the elbow every hour till result was achieved, or weakness was manifest. 
If the haemorrhage was large and was repeated the next day, he removed 
about a pint from the arm at once and repeated half the quantity the 
next day (X, 342, 371). If the haemoptysis was not sufficiently serious 
to demand venesection, or if contraindications existed, the limbs were 
ligated as recommended by Erasistratus, or friction of the extremities 
was performed. Unlike cases of bleeding from the nose he did not vary 
the venesection with the side from which the haemoptysis came, appar- 
ently because he thought it so frequently from the trachea or larynx. 

As a local refrigerant and astringent, oil of rose was rubbed gently on 
the chest in summer, spikenard ointment in winter (X, 342), but only 
after revulsion (X, 331). He did not apply snow or ice, believing that 
they were likely to produce cough and acute inflammation, and hence 
increase the haemoptysis (XVIIz, 813). 

Internally he administered (X, 341) a lukewarm mixture of wine and 
vinegar every hour for three doses for the purpose of removing the clots, 
apparently because vinegar had the capability of partially dissolving 
and loosening clots on ulcers on the surface of the body. If clots were 
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retained in situ they might decompose and prevent healing, or even 
irritate. 

This was followed by astringents and other drugs of plastic nature, 
partly for their styptic effect and partly for their influence toward agglu- 
tination of the tissues, thus aiding healing. Food and drinks having 
similar virtue were also enjoined (X, 328). 

In case of oozing in a normal body cavity where it could be reached 
locally, Galen used as a styptic frankincense or manna two parts, aloes 
one part, and white of egg mixed to the consistency of honey to which 
was added the soft hairs of a hare (X, 320). As a consequence, in haem- 
optysis he administered internally frankincense or manna and aloes in 
honey (X, 300), which he preferred, or in sour (astringent) wine (X, 321, 
329). If not at once procurable he replaced them temporarily by a 
decoction of astringent fruit (X, 330), such as unripe banana (plantain), 
quince, myrtle or medlar. The modern pharmacopoeia recognizes frank- 
incense, manna and aloes as mild laxatives. 

If the haemoptysis was severe or was not responding he changed the 
prescription (X, 329) to drugs like unripe galls (from which we derive 
tannic and gallic acid). In this instance, too, meals were forbidden, while 
in mild cases small repasts were allowed of foods to which the patient 
was accustomed or which had an astringent nature. These remedies 
and regimen were continued until the fourth day after the haemoptysis 
ceased (X, 342). 


Treatment of Ulcers on the Surface of the Body (X, 162-193): Before 
taking up his treatment of ulcers in the lung, which we recognize were 
frequently tuberculous, some explanation of Galen’s ideas on ulcers on 
the surface of the body with their treatment appears worth the while so 
as to show his reasons for specific measures. 

He defines ulcer as a solution of unity, or of continuity (X, 187, 232, 
309). This is one of Galen’s carefully thought-out definitions which has 
stood the test of eighteen hundred years, and will probably stand for all 
time. It includes everything from the prick of a pin (X, 386) to an 
ulcer of any size. 

§ In addition to his remarkable discoveries in anatomy and physiology and his text-books 
on every branch of medicine, Galen compiled important lexicons of medical and secular terms, 
which put him on a plane with the great lexicographers of antiquity. Medical literature 
was filled with words, and usually long ones without meaning (X, 267), which Galen made a 


brave attempt to eliminate, and with considerable success, by the substitution of shorter and 
more popularly understood terms accurately defined. Another of his well-known definitions 
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In general he recognized two kinds of ulcers, those in which there is 
mere division, as by incision with a sharp instrument, and those in which 
there is evident loss of flesh. In the former no treatment may be neces- 
sary, or at most only the bringing of the edges together by bandage or 
suture when agglutination and healing take place. In the latter flesh 
must be engendered and cicatrization produced (X, 187-191, 219). 

The latter show a double excretion,—a thin, called sanies (serum), 
which keeps it moist and usually more so than advisable, and a thick, 
called sordes (pus), which is definitely abnormal. Some manifest in- 
flammation and proud flesh Jater. In treatment the last must be re- 
moved by caustics (X, 200), the inflammation allayed by soothing meas- 
ures, the sordes removed by cleansing drugs, the excessive moisture dried 
away by desiccatives, and the parts brought together by astringents (X, 
175-177, 219). All this accomplished, nothing else need be considered, 
for, in spite of the quackish Thessalian Methodologists to the contrary, 
Galen insisted that the regeneration of flesh in the ulcer was the work 
of nature and for this the patient had no need of the art of. medicine 
(X,446). 

One of his highly recommended caustics was a copper-ore, consisting 
mostly of the sulphate, while one of his drugs (X, 298, 382) capable of 
cleansing without irritating was pompholyx, which was practically zinc 
oxide. When the ulcer was clean and required only drying and astrin- 
gent remedies, he usually employed (X, 177) powdered frankincense, 
manna, aloes (X, 382), or pompholyx. 

If the cause of the ulcer was traumatism, this cause is already past 
when we are called in, and requires no treatment, but if the cause was 
a debilitated or other pathological condition of the body or blood, this 
must be removed or the ulcer either will not be cured or will recur (X, 
173, 175, 236, 248, 266). 


Treatment of Ulcers in the Lungs: ‘Ulcers in the lungs” he says 


are difficult and sometimes impossible to cure, for an ulcer requires rest, and 
it is impossible to put the lung at rest on account of the breathing (X, 338, 


is that of disease (VI, 18, 21; VII, 43; X, 50) as “‘a perturbation of function.” These defini- 
tions are so precise and inclusive that we would expect them only from the mind of a Thomas 
Henry Huxley. And this is merely one of many Yeasons for attributing to the Pergamite 
the logical intellect of a philosopher-scientist in its highest modern sense. Unfortunately 
this did not prevent his falling occasionally into serious error, and his capability in logic made 
him so plausible that the errors were perpetuated. 
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359). For this reason the Empirics contend they are never cured, but we have 
seen them cured sufficiently often to be beyond doubt, even after patients 
have coughed up one to two pints of blood and others even more, both with 
and without associated pain in the chest. The Empirics, therefore, may add 
this as a new experience to their knowledge (X, 338). 

Once inflammation occurs, however, cure is not likely. This is indicated 
by fever and discharge of matter by cough. Without fever, cough or expec- 
toration it is quite evident there is no inflammation in the lungs. 

Ulcers in the stomach can be treated practically locally by remedies taken 
by mouth; ulcers in the intestines near the rectum by injections from below. 
Ulcers in the lungs, treated as they must be through the stomach, are cured 
with difficulty because the strength of the remedy is much lessened before it 
reaches them. It is necessary, therefore, that the remedy be stronger or ad- 
ministered in larger doses (X, 358). Ulcers in the stomach may be cleansed 
(drained) by vomiting or by stool, ulcers in the lungs only by cough, and if you 
provoke cough you tear the part. 


With these ideas in mind Galen put the patient in bed and recom- 
mended little or no conversation, and restraint of cough. He then en- 
deavored to treat the suspected ulcer similarly to an ulcer on the surface 


of the body, or in the stomach or rectum. 

For ulcers in the interior of the body, he was averse to strong astrin- 
gents, especially from the minerals copper, lead and zinc, and was partial 
to those from the galls and pomegranate plants (both of which contain 
tannic acid) in acacia and honey (X, 298, 300). The popular Lem- 
nian and Samian astringent earths were also employed. In addition to 
internal administration, they were likewise prescribed in gargles mixed 
with gum tragacanth. Honey was a usual ingredient of both mixtures. 
In gargling the patient lay supine and swallowed very slowly so as to 
allow imbibition through the tracheal wall and the entrance of occasional 
drops into the larynx. 

A plaster was also applied to the chest, and he recommends highly the 
following (X, 342; XIII, 375): 


Adipis (lard) 3 Xxiv 
Olei veteris (old olive oil) 3 XXXvi 
Argenti spumae (protoxide of lead) 3 XXxvi 
Chalcitis (copper sulphate) 3iv 
Carefully boil and mix and add juice of palm to the consistency of wax. 


The American Medical Association Epitome of the United States Phar- 
macopeia and National Formulary gives a Jead plaster and a lead oint- 
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ment based on this composition of Galen’s with the copper sulphate 
omitted: Emplastrum plumbi, made up of lead oxide, olive oil and Jard; 
and Unguentum diachylon, made up of lead plaster 50 per cent, oil of 
lavender and white petrolatum. 

“With these remedies,” Galen tells us (X, 343, 328) 


we have cured many to whom we have been called early, that is, as soon as they 
felt pain in the chest or began to spit blood. Of greatest importance is the 
agglutination and cure of the fresh wound associated with the rupture of the 
vessel before inflammation sets in; once this has begun there is little hope 


BAY OF NAPLES 


Fic. 3. The Province of Campania around the Bay of Naples, which was then, and still 
remains, the most beautiful and interesting thirty-mile stretch of coast in the world. To 
Stabiae, protected to the east by Milk Mountain and to the north by Vesuvius, flocked the 
consumptives of Galen’s time. 


of healing though you may prolong life. The reason is evident. The cure of 
an inflamed ulcer requires easy drainage and local cleansing. In places like 
the bladder, uterus or rectum, drainage occurs naturally without violence to 
the part, and we have also the opportunity of cleansing and even treating lo- 
cally by means of special instruments. In the lung, good drainage is rare, 
local treatment is impossible, and the discharge removable only by cough, 
which was at least partially responsible for the ulcer in the first place; injury 
to the part continues. 

I cured all cases I saw on the first day of the haemoptysis, but only some 
after two or three days (X, 373). Of those manifesting inflammation as shown 
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by fever, none was perfectly cured, yet when after treatment the ulcer became 
dry and indurated with callus [fibrous tissue], and increased no further in size, 
they lived a long time. This induration of the ulcer prevents it from healing, 
but also aids in preventing its spread. 

When the pulmonary ulcer is the result of erosion through corrupt bodily 
humors |that is, arises spontaneously without traumatism in someone evi- 
dently ill], it is always incurable. This condition of corrupt humors requires 
a long time for correction, and in the interim.one of two things occurs,— either 
the ulcer becomes indurated, and therefore, incurable, or, not drying up suf- 
ficiently it spreads. Among those with cough, but without haemoptysis, I 
had considerable success. In them it is necessary to prevent extension of the 
inflammation from the nose and pharynx to the lungs, and this is accomplished 
first by purging, next by a seed mixture (diaspermaton), and third by drying 
remedies applied to the head. 

The first should be capable of purging different kinds of excretions, especi- 
ally black bile, like our pills of aloes, scammony, colocynth, agaricus (mush- 
room), bdellium and gum arabic. [These are not unlike the present Francis’s 
Triplex pills and the Compound Extract of Colocynth described in the Epi- 
tome of the United States Pharmacopeia and National Formulary, 1921. Bdel- 
lium was a rare, almost precious myrrh gum resin which made the pills of high 
price. | 

For rubbing on the head in order to dry it out we have the cerate of thapsia. 
[This was made up not dissimilarly to our thapsia plaster, which consists of 
wax, pitch, turpentine, glycerine and thapsia resin.’] 


I mention the fact that these prescriptions are still in our books, not by 
way of recommendation, but to show, in spite of manifest absurdities, 
how many centuries they remained in vogue and how comparatively 
recently, if even yet, they have gone out of use. 

The seed mixture (XIII, 266) was so called because it was originally 
composed of a number of seeds, particularly those of the poppy, carrot, 
anise and hyoscyamus, and, though later other drugs not necessarily 
seeds were substituted or added, it retained its name. It began as a 
remedy for painful conditions like colic, but came eventually to be used in 
many in which an anodyne, narcotic or sedative effect was desired, as 
weil as for allaying violent cough, preventing haemoptysis, and checking 
excessive secretion. Still later every remedy employed for these pur- 
poses, even when it contained only one or no plant seed, was included 
under this heading. 

When dealing with cough associated with petty blood-spitting without 


7 Century Dictionary and Cyclopaedia: Under “Plaster.” 
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other symptomatology, Galen restricted himself to seed confections made 
into Tussiculars (cough lozenges), composed of acacia, tragacanth, dried 
rose leaves and pomegranate which contains tannic acid (XIII, 76). 

When the condition was more serious, that is, when the cough was vio- 
lent with sleep disturbed and haemoptysis greater in amount, he gave the 
seed mixture popularly known as Tullius’s colic cure (XIII, 280), or a 
pastille like the following. (XIII, 70): 


Hyoscyamus seed gr. iv 
Root of black mandrake gr. iv 
Rhubarb gr. ill 
Red coral gr. ill 
Opium gr. ill 
Buckthorn gr. il 
Pomegranate gr. ill 
Frankincense gr. v 
Tragacanth gr. ii 
Saffron gr. ili 


Mix. Label: Give to those spitting blood in a mixture of water and vine- 
gar, to others in water. 


The ancients used the combination of opium, hyoscyamus and man- 
drake as a narcotic, and in smaller doses as a sedative. That it was 
successful is evident from the fact that in our own day a somewhat 
similar combination was employed for some time in obstetrical cases as 
an anaesthetic, under the felicitous description of Twilight Sleep. Prov- 
ing less satisfactory than ether or chloroform it was eventually discarded. 

On account of the tendency of opium to check even normal secretions, 
when this was undesirable, as in inflammatory conditions of the lungs, 
they combined with it laxatives like rhubarb, frankincense, buckthorn, 
senna or castor oil. Galen insisted on the rhubarb coming from Pontus, 
whence we derive our pharmaceutical variety. To pomegranate, which 
contained tannic acid and saffron, the latter were added for their astrin- 
gent effect (though we use saffron as a sedative) and tragacanth for its 
demulcent effect. The vinegar, in which the pastille was taken, was for 
the purpose of removing clots capable of irritating on decomposing. 

Red coral is made up almost entirely of chalk (calcium carbonate) 
and represents the original form in which calcium was administered for 
haemoptysis. It was apparently first used as a charm on account of its 
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similarity to the blood drops in the sputum, which in the slangy euphe- . 
mism of the tuberculosis sanatoria of to-day are known as “‘rubies.”’ It 
was procured from the deposits at Stabiae. In the form of necklaces or 
brooches, coral is still worn by Italian peasants as a charm against 
sterility; in other words, it still upholds its reputation for stopping haem- 
orrhage (the menses). 

It is interesting to note that the astringents, tannic and gallic acid, 
held their sway in the treatment of haemoptysis till after the advent of 
the tuberculosis specialist at the beginning of this century. And we 
are still administering opium and calcium, though the fact that the very 
great majority of haemoptyses cease of their own accord makes it diffi- 
cult to be certain of their value. 

In some cases, when the cough was tight, Galen employed compounds 
called bronchiacs,’ containing our well-known and frequently used ex- 
pectorants, such as turpentine (XIII, 8, 64), squills (XIII, 15), or am- 
monium chloride (XIII, 35); and when the principal manifestation was 
hoarseness or loss of voice, he sometimes prescribed cough drops called 
at the time sublinguals, made up of licorice, turpentine or bitter almonds 
(XIII, 7, 8, 51) and mixed with tragacanth or other gum. These were 
also used by singers and actors for clearing the voice. 

In addition to the prescriptions I have submitted, Galen details many 
others to be used as substitutes when the drugs for these were not 
available, or when the looked-for result was not achieved. In this re- 
spect his treatises on materia medica differ but little from our own popu- 
lar text-books, which yield prescriptions without number, especially for 
time-limited and self-curable common conditions like coryza, acute 
bronchitis and acne. 

Yet he was opposed to measures which merely allayed pain or other 
symptoms without aiding toward cure; for instance, he was against (X, 
171) the local application of opium, mandrake and hyoscyamus in cases 
of ulcer of the eye, though prescribed by many physicians, and his an- 
tagonism to the same drugs in cough is definitely stated (X, 817): 


Objecting as I strongly do to these narcotics, I sometimes give them in 
colic or other very painful conditions, and even occasionally in small doses 
for violent cough, especially when it keeps the patient awake, but give them 
only once expecting this will be insufficient to do real harm, 


8 Or, in the language of the ancients, arteriacs, since they designated the trachea and large 
bronchi by the name, hard artery. 
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At least this advice is better than that of the majority of modern text- 
books which advocate codeine three or even more times per day. 

Many of these drugs he had procured in their habitat on his travels, 
and took away sufficient to last him the rest of his life. The increasing 
amount of storage space required makes this appear ridiculous, but a 
little consideration shows its wisdom. After several trials of the drug, 
for instance, opium, he learned the effective dose and suffered no qualms 
in this direction afterward, while the drugs purchased in the various 
apothecary shops differed so in strength that accurate dosage was im- 
possible or at least open to doubt. It is quite evident that each druggist 
was supposed to know the strength of his particular preparation and 
usually did, but this knowledge frequently depended on the observation 
of physicians of such varying education and ability as to allow a justi- 
fiable lack of confidence. 

Following up his treatment of pulmonary ulcers associated with in- 
flammation or occurring from corrupt bodily humors, Galen continues: 


The patient is then put on milk without which cases of this kind are incurable 
(X, 375; VII, 701). He is further to be nourished with easily assimilable 
foods. Later are added massage, walking, exercise and baths. Plethora 
may demand occasional venesection. 


Some, or even many, of the cases associated with plethora were probably 
ones of blood-spitting due to the passive congestion of heart disease. 


Description of Stabiae and Its Superexcellent Milk: It is in connection 
with his recommendation of milk that he gives us a most interesting 
description of Stabiae, the Goerbersdorf of the time. Relating his ear- 
liest experience with the efficacy of this climatic resort and its perfect 
milk in ulceration of the respiratory tube, he states (X, 360): “Ulcers 
in the trachea, especially near the larynx, as well as in the larynx itself, 
may be cured as we have experienced in different cases. We discovered 
the method of cure during the first outbreak of the Great Pest.”’ 

From Galen’s description we believe this pest to have been smallpox, 
associated, as it was, with an eruption of pustules over the entire body 
and a high death-rate.2” The first outbreak began in Rome some time 
after March 166 A.D. (probably in the fall or winter), and, though most 
severe at the beginning, cases were still occurring up to at least the spring 
of 169 A.D., when the one he is about to relate took place. The second 
outbreak occurred in 189 A.D., and lasted also two to three years. It is 
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Milk Mountain and the Bay of Naples. 
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In his time the city of Naples was a small town in comparison with the meiropoiis ii is io-d 
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estimated that in the two outbreaks one-fourth of the population was 
carried off. Galen wrote the treatise from which this quotation is taken 
first about 177 A.D., but reédited and republished it about 197 A.D. 


A young man had been sick [with the pest] nine days, and his whole body had 
broken out with ulcers which happened even to almost all who became well. 
On the ninth day he coughed somewhat. The day after, while taking his 
bath, he coughed more violently and brought up a scab. 

He had the painful sensation of an ulcer in the trachea, that is, in the neck 
near the jugular vein. Examining his throat through the open mouth we 
failed to find one. Thinking if it existed it would be irritated on the swallow- 
ing of food and drink, we administered biting things like vinegar and mustard, 
but without sensation. The fact, however, that he felt pain in the neck to 
such an extent that he was forced to cough, and had coughed up the scab, 
made the diagnosis practically sure. 

We advised him to restrain the cough and employed remedies to cicatrize 
the ulcer. Externally we applied drying medicines, and internally while lying 
supine we gave him drinks suitable to the condition, bidding him hold them in 
his mouth and swallow them gradually, so that they might flow into the re- 
spiratory tube. Doing so, he said he felt the astringent medicine about the 
ulcer, and it tended to provoke cough which he strove to restrain. Whether it 
reached the ulcer by flowing into the larynx or by imbibition through the wall 
is unknown, since he was a layman without knowledge of medicine accustomed 
only to empiric treatment. [This implies that the patient was not so well 
acquainted with anatomy as if commonly under the care, for instance, of a 
dogmatist.] 

Three days later, that is, twelve days after the original disease began, he 
descended the Tiber on a boat to the sea and on the fourth day arrived at 
Stabiae. Here, treating himself with the local milk to which is attributed 
marvelous efficacy and not without cause, he like many others after him, be- 
came well (X, 366). 


He probably went by boat instead of horse conveyance on account of 
added comfort in spite of the fact that the latter made the one-hundred- 
and-forty-mile journey in about half the time, and was sufficiently easy 
riding, according to Pliny, to allow reading and even writing. 

It is to be noted that he went on the journey twelve days after the 
beginning of what was apparently a mild case of smallpox, and the ulcer 
of the larynx or trachea, if one existed, was possibly or even probably 
the result of this disease, but all ulcers of the respiratory tube were to be 
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treated in the same way, for if they continued inflammation would likely 
set in with the production of phthisis.® 
Galen continues: 


Appropriate now is it to speak of milk and not of the milk at Stabiae alone, but 
everywhere, not only in Italy but other countries. Stabiae, however, has 
special advantages. It is in an isolated commanding position, the air is dry, 
and the pasture is wholesome for cattle. Such pasture-land may be artifi- 
cially created elsewhere, but, even with the cultivation of proper herbs and 
shrubs on suitable hillsides capable of making the milk healthy and befittingly 
astringent, it is not possible to change the air (X, 363). 

It is situated on a hill of moderate height in the lowest position between 
Sorrentum and Naples looking toward and three miles from the Mediterran- 
ean. Sloping gently to the west and protected also from the north, it escapes 
the disagreeable, rainy and cold winds,—Eurus, Subsolanus and Boreas. 
Near at hand is another higher hill, called from time immemorial Vesuvius, 
though now Vesvius, and universally known on account of its eruptions. 
This not only protects it to the north, but the volcanic action conduces to the 
drying of the air, and the settling ashes make the air drier still. Above are 
no marshes or stagnant water, (X, 364). 

No doubt there are other dry hills similar to the one on which Stabiae is 
situated elsewhere on earth in close proximity to the sea, not high enough to 
be subjected to violent winds and not so low as to be submitted to the rising 
vapors of the fields. Make sure, however, that your selected elevation face 
not the north and thus be averted from the sun. If it is a temperate clime 
like Stabiae so much the better. Let the herbs on the hill be agrostis (bent 
grass or red top), lotus (clover), polygonon (of the nature of beggar-wéed or 
cow-grass), melissophylum (bastard balm) and the shrubs lentiscus (?), ar- 
butus, rubus (raspberry), hedera (common ivy), cytisus (broom) and such like. 

The cattle at Stabiae are cows, and their milk is as thick as the milk of 
asses is thin with goat’s milk in between. Thinking the milk of other animals 
might be more beneficial in certain cases, I put feeding on the hill at Stabiae 
cows, asses and goats (X, 365). Cow’s milk contains most fat (VI, 684), 
goat’s milk less, and ass’s least of all. 


Chemically analyzing milk, we find Galen’s statements only partially 
correct, since cow’s milk contains 87 per cent water, goat’s 84 per cent 


9 Osler (The Principles and Practice of Medicine, New York, D. Appleton & Co., 1909), 
discussing smallpox, states: In the larynx the eruption may be associated with a fibrinous 
exudate. In the trachea and bronchi there may be ulcerative erosions. Vesicles in the 
mouth, pharynx and larynx cause soreness and swelling in these parts with loss of voice. 
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and ass’s 92 per cent; while cow’s milk contains about 3.75 per cent fat, 
goat’s 6.11 per cent and ass’s 1.1 per cent.!° 

Still not satisfied, Galen tried further to differentiate (XII, 265) the 
milk of the human being, the bitch, wolf, hyena, bear, sow, ewe, camel 
and mare (VI, 681). ‘“‘For,’’ as he tells us (VI, 775, 685), 


milk is described as the most satisfactory food by all medical writers, and some 
believe that patients suffering from pulmonary ulcer beforeit has become 
large or calloused, can be cured by its use alone. 

Physicians of old advised human milk for patients wasted with phthisis, 
and recommended taking it while standing directly from the breast (X, 366, 
474). This idea appears good to me since human milk is so natural to the 
human stomach, and, thus taken, has no opportunity to be cooled by the 
surrounding air. When this proves repellent to the patient, the next best is 
asses’ milk, since it does not curdle and (on account of its thinness) easily 
penetrates to the lungs, in fact, to every part of the body (X, 475). 

In any case when milk is advisable, it should be taken immediately after 
milking with the animal standing alongside (X, 366). Thus drunk warm it 
rarely curdles in the stomach and this may be absolutely prevented by adding 
salt or honey. The proper amount of salt is that to the taste (VI, 684), of 
honey as much as will sit sweet on the stomach. 


This idea of salt or honey in the prevention of curdling (which is, of 
course, a necessary stage in the digestion of milk) prevailed for many 
centuries. Present day text-books credit almost similar attributes to 
lime-water on possibly little better grounds. | 

Again Galen tells us (X, 477; XII, 263): 


Milk is most wholesome when pure and devoid of acidity, extraneous taste 
and odor. It should be bland and sweet to the taste. The producing animal 
should be of a flourishing age, well-fed, moderately exercised, and the offspring 
weaned. The milk of sickly or poorly kept animals is harmful (VI, 775). 
Care must be taken then of their digestion and (he humorously asserts) we 


willingly accept the risk of popular ridicule in prescribing a diet for asses. 


With the idea that milk had specific virtue in pulmonary ulceration, 
the quantity was not of great importance, and though he definitely 


10 Speaking of goat’s milk, Galen describes a case (VI, 343) similar to a number Metchnikoff 
met with in Bulgaria: ‘‘We were acquainted with an old farmer more than one hundred years 
old, whose principal nourishment had been goat’s milk which he took sometimes with bread 
broken in it, and again with bread spread with honey or with tops of thyme baked with the 
bread. With the thought that the goat’s milk had prolonged his life, another, imitating him, 
suffered continually, no matter how he took it.”’ 
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Fic. 5. Galen as well as physicians generally took cognizance of psychology. This is a 
wall-painting from Pompeii, of Hercules discovering the son, whom he did not know existed, 
suckled by a hind. Since patients were sometimes urged to take the milk directly from the 
teats of the ass, the goat, and the cow, it would not be a surprise to have pictures of this 
character, as well as that of Romulus and Remus being suckled by the wolf, common on the 
walls of quasi-sanatoria at Stabiae. (Photograph from Zahn’s Pompeii, Herculaneum und 
Stabiae.) 
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states that it is to be given twice daily, namely, shortly after rising and 
four or five hours later, he does not record how much. The fact, however, 
that some patients actually sucked the milk from the breast of the animal, 
shows that the amount must have been small. According to my under- 
standing, this part of the regimen was as follows (X, 479): On rising the 
patient was bathed, gently rubbed with oil and given milk. After four 
or five hours, during which he had breakfast and rested, the bath, oil- 
rub and milk were repeated. If the patient found milk very difficult 
to take, barley-water or barley-broth was substituted at the second 
feeding. Slight belching was considered a good sign of proper digestion. 

Galen’s idea that milk was a specific in pulmonary disease is evidenced 
by the fact that, though he frequently added honey to milk in various 
conditions, he refrained in wasting disease because the mixture tended 
toward thinning rather than fattening. As a consequence, in certain fat 
cases with shortness of breath at Stabiae (some of which were probably 
though unknown to him, due to heart not pulmonary disease), he pre- 
scribed milk because it was beneficial to the lung, but chose ass’s milk 
which was least fattening and mixed it with honey which made it even 
less so. 

Though enthusiastic about the value of every animal milk in pulmo- 
nary ulceration (VI, 681) and insistent that of all foodstuffs it is the best 
(VI, 685), he considered it contraindicated in diseases of the head, and in 
certain individuals capable of creating calculi in the kidneys. In ad- 
dition, its continuous use injures the teeth and surrounding gums, making 
the former decay, and the latter spongy. Hence, after drinking milk 
the mouth should be rinsed out with dilute wine or, better still, dilute 
wine and honey (VI, 688). 


Other Foodstuffs: In regard to the dinner Galen gives advice (X, 481) 
as to the bread, fish and meat without mentioning the vegetables and 
desserts, like puddings and fruits, though these were undoubtedly in- 
cluded. “At dinner,” he says, 


the patient should have good bread well baked. The fish should be from 
among rocks or codfish. Next in order come sole, cramp (torpedo), pike, red 
mullet and sea mullet (X, 549). 

The meat should be the wings and testes of a milk-fed cockerel (X, 481), 
and, if in insufficient amount to satisfy, other parts of the bird may also be 
eaten. Partridges and other highland fowl with soft flesh are also recom- 
mended, while those of the marshes with hard flesh are to be avoided (X, 482). 
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Next come pheasant cocks, and young doves (X, 549). The birds should be 
of flourishing age, neither too young nor too old (VI, 700)." Ina word the food 
should be nourishing and easy of digestion without too much roughage (X, 
482). Pork is more nourishing but not so easy of digestion as the foregoing, 
and therefore not suitable to consumptives. [As we shall see later this un- 
suitability refers only to its use in very ill cases or ones with much impaired 
digestion, since in general pork was one of his standbys.] 

Patients who are run down should partake of wine provided they are not 
feverish; it should be watery and gently astringent (X, 483). 

If the patient is very thin, great care must be taken of the diet on account 
of the feebleness of digestion. When this stage is past stronger foods and in 
greater abundance may be given and the rubbings and massage increased (X, 
487). 

As health is restored the flesh of flying birds and of young swine should be 
introduced into the dietary,—first young hog’s feet boiled in barley water [to 
which he was quite partial: VI, 670], and later bacon and gradually other 
parts. In winter the pig should be killed the day before, since it is then more 
digestible; in summer, it is only necessary to kill it in the morning when it may 
be eaten at dinner that evening (X, 489). 

Badly run-down patients with poor digestion should eat little but often. On 
this account I give them food three times a day, though later it is reduced to 
twice. No water should be taken after dinner until digestion has been ac- 
complished, when they may drink freely. [This food was, of course, in ad- 
dition to the milk. Ordinary healthy people limited themselves to two meals, 
—luncheon and dinner,—breakfast being so meagre as not to deserve the title.] 

The diet for the convalescent should be between that proper for the sick . 
and the well, and the patient should be gradually brought back to his previous 
meals, taking his natural condition of body into consideration (X, 492). The 
dwelling-house should be neither too warm nor too cold (X, 491). The breath- 
ing of cool rather than warm air (X, 701) is advisable. 


Eggs: Galen describes (VI, 705) eggs among the foodstuffs derived 
from animals, though we put them in a category by themselves. Their 
employment was less frequent than to-day, and Galen considered the 
yolk more easily digested than the white (X, 848; XI, 35); this notion 
prevailed till the advent of modern chemistry. 


11 As can be seen, I am sometimes including between quotation marks sentences which did 
not exactly follow one another in the text, because the omitted sentences were repetitious, 
uninteresting, or unmeaning to the twentieth century. Again, I have changed the order of 
certain sentences to make the sense clearer. Occasionally, too, I have introduced an adjec- 
tive or expression from another of Galen’s writings (though never without giving the added 
reference) in order to complete Galen’s ideas on the subject. 
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He describes them from three different standpoints: First, as to their 
actual substance, in that he recommended the eggs of chickens and 
pheasants and objected strongly to those of geese and ostriches; second, 
as to age in that the more recently laid the better; and third, as to the 
degree of cooking,—differentiating the hard-boiled, the tremulous (soft- 
boiled) and the drinking eggs (a term still used by the Germans in Drink- 
eier), which are just warmed, and are called by us coddled. 

He considered the tremulous the most nourishing, though the drinking 
eggs are more readily swallowed and have a demulcent effect on inflam- 
mation of the fauces. Hard-boiled are difficult to digest. Least de- 
sirable are eggs fried in grease. He was quite partial to the “suffocated,” 
which appear to have been poached in a mixture of oil, wine, and a fish- 
sauce like caviare in a vessel rinsed out in hot water. 

Employing, as he did, white of egg as a local styptic in haemorrhagic 
oozing from mucous membranes (X, 320), and considering the yolk very 
nutritious and easily digested, led him to prescribe eggs among the food- 
stuffs in the wasting from pulmonary ulceration (XIV, 743), partly to 
ward off haemoptysis and partly for their nourishing value. When 
taken in health, they were practically always served at luncheon; in 


run-down conditions they were apparently ordered for breakfast coddled 
or soft-boiled; while luncheon consisted of its usual dishes, among which 
eggs in the same or another form were sometimes included. 


Fish: Fish was the mainstay of a meal more frequently than with us, 
and the ancients had practically all of our varieties. Galen differentiated 
fish from the sea, lakes, ponds, rivers, streams and swamps. He ob- 
jected strongly (VI, 708) to fish from waters contaminated by sewage 
from latrines or cities, also from slimy or muddy streams or ponds and 
from stagnant pools, swamps, or even still lakes. He considered the 
best to come from pure sea water, especially that agitated by the winds 
since this exercises them more; the next best from flowing rivers. 

In addition to the fish mentioned on page 19 as particularly suitable 
to consumptives, he recommends (VI, 718) as easy to digest and as genera- 
tors of good blood the following: Fish living among rocks, like the scarus 
(a fish very highly esteemed by the ancients, but insufficiently defined 
to be recognized,—possibly the parrot fish); sea carp (merula), sea fish 
(tundres), red fish (julia), fish living in seaweed (suca) and the perch. 
He also described the gudgeon (gobio), eels, wrasse and anchovy. He 
discusses crabs, lobsters and other crustaceans (VI, 735), oysters, clams 
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and other mollusks (VI, 734, 736). Among the last he devotes special 
attention to snails, which were such a frequent article of food that it 
was alleged the Greeks never passed a day without eating them. He 
considers them very nourishing even though they have a hard flesh diffi- 


cult to digest (VI, 669). 


Meat: As present-day lay medicine, with its inclination toward ca- 
thartics and diaphoretics, ointments and liniments, poultices and plasters, 
represents to a considerable extent Galen’s teachings which were studied 
even by the laity throughout the Middle Ages, our every day eating like- 
wise corresponds with his ideas. He eulogized pork, chicken and beef in 
this order. Though we consider the last the most nourishing, his ap- 
proval brought about such a taste for swine’s flesh that we eat it almost 
every day under one of its many appellations,—bacon, ham, sausage, 
pigs’ feet, pork chops, roast pork, or pork with cabbage or beans. This 
is in addition to employing the fat (lard) in the cooking of many other 
foodstuffs. 

That this taste is partly at least the result of medical approval is 
evidenced by the fact that the Jew, forbidden pork, endeavored to com- 
pensate by specializing on the meat considered second best,—chicken, 
—and his inclination in this direction is still manifest. With Galen’s 
high regard for chicken in pulmonary ulceration it is possible he would 
be willing to attribute to its use some of the Jew’s well-known resistance 
to tuberculosis. 

In addition to chicken (capon and hen) he recommends pheasant and 
partridge (VI, 700). The ancients also ate the peacock and many of the 
small birds, which we are anxious to preserve, as the dove, starling, lark 
(XII, 360), thrush and blackbird (VI, 700). Ona feast day the peacock 
took the place of our turkey which was first discovered in America. 


His eulogy of pork is in no uncertain terms (VI, 661,700): 


The flesh of the domestic swine is the most nourishing of all meats and should 
be avoided when loss instead of gain in weight is indicated. This nourishing 
value is evidenced by its effect on athletes. For, if, on the same exercise they 
eat an equal amount of another food, they notice comparative loss of strength 
the next day; and, if they continue many days, the lack of nourishment be- 
comes even more evident in loss of weight. The same effect is seen in boys 
who exercise in the palestra and in all who compete in violent games. 
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In his native city Pergamum from the age of twenty-nine to thirty-two,” 
Galen was physician to the gladiators, to whom strength meant life or 
death, not merely the greater or less gate-receipts of our pugilist, and he 
considered himself an expert on diets tending toward making the indi- 
vidual strong. Their principal foodstuffs were pork, beef, cottage cheese 
(coliphium), beans (VI, 529) and bread."* Their principal drink was 
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Fic. 6. Plan of Inn at Pompeii which was overwhelmed about ninety-eight years before 
Galen’s description of Stabiae. The main, or living-room, was open to the sky. In such an 
establishment it is evident that the ass and goat were brought into the main room for milk- 
ing while the patients sat around, though they probably adjourned to the stable at the rear for 
the milking of the cow. From the extant plans of buildings at Galen’s time, and even later, 
we know that there was very little or no practical change in construction between the time of 
the catastrophe at Pompeii and the vogue of Stabiae as a health resort. (Plan from Tucker’s 
Life in the Roman World of Nero and St. Paul, London, MacMillan & Co., Ltd., 1910.) 


barley-water, and they consumed so much of it that Pliny records that 
they were sometimes designated by the term “‘barleyers.” 

He was physician to Commodus between the ages of seven and four- 
teen,fand was apparently given credit for. the rugged health which made 


12 He was born in September, 130 A.D. See Walsh, Joseph: Date of Galen’s Birth, 


Annals of Medical History, new series, i, July, 1929, 378-382. 
13 Mercurialis, Hieronymus: De Arte Gymnastica, Amsterdam, Andreas Frisius, 1672. 
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the son of Marcus Aurelius the most robust and athletic of Roman Em- 
perors, though his father had been one of the most delicate, and probably 
suffered from pulmonary tuberculosis, judging from his frequent fevers, 
stomach disturbances, pain in the chest, cough and haemoptysis."4 


Human Flesh: Galen thought pork nourishing (that is easily changed 
into human flesh), because swine live on a diet similar to human beings, 
causing their flesh to be similar in quality, as it evidently was in taste 
and smell (VI, 663). This he demonstrated by his interesting though 
questionable story of cannibalism (XII, 254): 


There are many innkeepers and cooks who serve human flesh for pork, and 
those who have eaten it say no difference can be perceived. I have heard men 
worthy of confidence relate that they have often eaten in public inns a delicious 
meat soup only to find at the bottom of the cup a finger joint with a nail on 
it. Fearing to complain they hastily finished it and leaving immediately 
on their journey vomited at a distance. 


In spite of this clear narration, the Pergamite’s credulity was such that 
we are inclined to believe it the cock-and-bull story of a timid ignorant 
peasantry, such as he undoubtedly met with on his foot-travels across 
Macedonia and Thessaly, at the age of thirty-two, and again thirty-five, 
where violence and robbery were not uncommon along unfrequented 
roads, and where innkeepers had the physiognomy of a gladiator (an 
occupation indeed which some of them had previously followed), and 
their wives that of a witch. 

Here also the air thrilled with demoniac terror through accounts of 
magicians and hobgoblins to such an extent that it would be consistent 
with reasonable expectation to see statues walk, cats laugh, and guests 
changed into mules. In fact, one of the popular stories of the day was 
Lucius Apuleius’s Golden Ass, in which the hero traveling in Thessaly 
is metamorphosed into and lives the Jife of a donkey. It has been pre- 
served, is well translated into English, and in spite of several repulsive 
episodes makes entertaining reading, especially since it represents a type 
of the literature of the time corresponding in interest with our detective 
novel. A syndicated article in the United States Sunday press recently 
reported similar cannibalism by the present-day gipsies of this region, 
but people are no longer so credulous. 

14 Walsh, Joseph: (1) Galen’s Second Sojourn in Italy and his Treatment of the Family of 


Marcus Aurelius, and (2) Galen’s Exhortation to the Study of the Arts, especially Medicine: 
both in Medical Life, 1930, xxxvii, 473, 507. 
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Beef and Lamb: “Beet,” Galen tells us, 


also furnishes to the body not a small amount of nourishment, but it generates 
thicker blood than advisable (VI, 661). If now the individual has a tendency 
toward the over-manufacture of black bile, this is increased with the eventual 
result of cancer, elephantiasis, scabies, leprosy or dropsy. Further (VI, 662), 
as much as beef surpasses pork in density, so much does pork surpass beef in 
viscosity. [By which he apparently means in modern slang the capability 
of ‘“‘sticking to the ribs.”’] 

As the flesh of human beings naturally becomes drier with advancing years, 
the same is true of that of edible animals. Hence, for robust young men de- 
voted to exercise, the pig should be full grown though not old, so that the flesh 
will correspond. Since beef, however, is drier than pork, it should come from 
cows in a growing age. Of the different meats, lamb is the most humid and 
phlegmy, and though mutton is drier it is still less desirable in quality. Ewe’s 
meat stands below that of the sheep. Goat’s meat shows even greater dis- 
advantages, and has an added shortcoming in pungency. The flesh of the 
he-goat, ram and bull (VI, 663) is inadvisable or even deleterious on several 


counts. 


One of the probable reasons for medical men thinking so little of lamb 
and mutton was that they represented the cheapest and commonest 
meats, since lamb and sheep were the animals most frequently sacrificed 
on the pagan altars. At the sacrifice only a small, choice part of the 
animal was burned, the rest being a gift shared by the priests either for 
their own consumption, or, when the sacrifices were numerous, to be sold 
to a retail butcher and the money used for the support of the temple 
and its prebendaries. The fact that the poor suffered from disease even 
to a greater extent than the well-to-do demonstrated the inferiority of 
their nourishment. 

In the light of Galen’s high regard for the flesh of the cockerel, it is 
possibly significant that this was the common animal sacrificed to Aes- 
culapius, the god of healing. On account of expense, bullocks, oxen 
and cows were less commonly sacrificed, though the affluent, particu- 
larly when officials of government, immolated them in great numbers; in 
fact, Marcus Aurelius sacrificed so many white oxen (a particularly rare 
and expensive breed) that a popular cartoon of the time represents the 
remainder of them with heads bowed saying in sorrow: “If in this war 
Marcus conquers the Germans, we see our finish.” 

Galen continues: 
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Of all animals the flesh of the castrated is better, since it is sweeter, contains 
more nourishment, and is easier to digest (VI, 675). Yet, even of these, old 
ones must not be taken (VI, 663), for in spite of the fact that pork (VI, 664) 
is ordinarily moist it can become, when the animal is old, dry and difficult to 
digest. 


Some of these statements were probably made because wild boar cooked 
and put on the table whole was considered a great delicacy. 

Among game he recommends particularly hare, which is from some 
standpoints somewhat better than lamb or even beef, while venison (deer 
meat) is difficult to digest and generates vicious juice. He puts venison 
and wild young ass in the same category. 

The poor of certain localities ate their domestic draught animals when 
too old to work,—the horse, ass and even the camel,—but Galen in- 
sists on leaving the discussion of these meats to the jackass humans who 
could enjoy them. Likewise bandits in the mountains and barbarians 
beyond the Roman frontier sometimes ate (VI, 664) bear, panther, 
leopard and lion (boiling the meat twice), but he leaves their description 
to this wild class of men. He states that in Egypt and several other 
countries even wood-worms, vipers and serpents were sometimes eaten, ° 
though he never tried them (VI, 668). 

He likewise never ate dog or fox meat, “‘since it is not served in Asia 
Minor, Greece or Italy, though common in other places where it is said 
to be similar to hare,” yet hunters around his native city Pergamum en- 
joyed the flesh of wolves fattened on grapes (VI, 665). This matter of 
fodder he considers important, since the better the nutriment the better 
the flesh. Amusing are his warnings against the nourishing qualities 
and digestibility of the goose and ostrich (VI, 702). 


Organotherapy: Occasionally special parts of animals were prescribed 
in an organotherapeutic way, for instance, tripe and chitlings for stom- 
ach trouble, goat’s bladder for wetting the bed, kidney (VI, 675), liver 
and brain (VI, 677) for affections of these organs, nightingales’ tongues 
for improving the melodiousness of the voice, and in impotency the 
testes of the cockerel or young pig (VI, 675) but decidedly not those of 
the he-goat, ram or bull. In asthma was prescribed the dried lung of 
the wolf (XIV, 442) and in convalescing phthisis the dried and powdered 
lung of the stag, possibly on account of its longwindedness (XIV, 444). 
The last was given in a dose of three teaspoonfuls in four ounces of honey, 
and after an intermission of several days repeated. 


GALEN’S TREATMENT 


Vegetables and Cereals: The ancients had practically all of our vege- 
tables except potatoes, spinach and tomatoes, and garlic was just as 
common among the peasantry and just as much despised by the people of 
refinement. Peas, olives and olive oil were used generously, and the 
plaint of the gladiator as to beans, beans, beans, was as ardent as that of 
our soldier. 

They had all our cereals except’ oatmeal, though not in the present- 
day fancy forms. Barley water and barley broth were employed in 
almost every illness, not dissimilarly to our orange-white-of-egg albumin- 
water, and both Hippocrates and Galen wrote special treatises on their 
preparation. ‘Their directions for the former are not unlike those of the 
United States Pharmacopoeia: Wash two ounces of barley in water and 
throw away the wash-water. Boil the barley in half a pint of water for 
a short time and again throw away the water. Pour on four pints of 
boiling water, boil down to two pints, and strain. 

Galen describes poppy seed and cannabis seed among the edible 
cereals, since the former (from which opium was derived) was sometimes 
sprinkled on bread for its narcotic effect, and though he did not object to 
its use in case of a mild catarrh (acute cold) in the head, he considered 
it contraindicated in conditions with expectoration which it inhibited 
(VI, 548). We are still using opium in Dover’s powder for the same 
affection. 

Cannabis seed was sometimes placed on the banquet table to be eaten 
after the meal to increase the pleasurable excitation while the drinking 
continued (VI, 549). According to our pharmacologists it produces in 
the mind lovely visions, while a sense of ecstasy fills the whole being. 
Sensuality is stimulated and laughter, even to giggling, is the rule. No 
wonder with the exchange of confidences in this alcoholic-cannabis 
delirium, the aftermath of banquets was frequently prosecution for 
lese majeste, or even execution for conspiracy. H. C. Wood" records 
that previous to 1892 cannabis was frequently used to induce euthanasia 
in advanced stages of phthisis. In the light of Galen’s description it is 
not impossible that this employment came from his time or even before. 


Limitation of Diet: Food faddists of all kinds abounded both on re- 
ligious and physical grounds,—vegetarians, people who lived on fruits 
and nuts, who eschewed wine, who considered it a cure-all, who claimed 
disease was increasing due to snow-cooled drinks and snow-cooled des- 


15 Therapeutics, Philadelphia, Lippincott & Co., 1892. 
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serts, women who wished to preserve their youthful forms, and many, 
many others; and, though Galen objected, he knew from experience that 
these fads were not necessarily fatal. From the point of view of extreme 
limitation of diet without particular harm he relates the following (VI, 


539): 


I was acquainted with a medical student in Alexandria who took as food every 
day over four years [the regulation number for a medical course] cold kidney 
beans, fenugreek, lentils and wolf beans. He sometimes added olives, oil, 
and several fruits capable of being eaten without cooking, for he occupied an 
apartment in which fire was prohibited. He sometimes ate the beans or 
fruits [in the form of a salad] with oil, vinegar and salt. He remained healthy 
all these years with no deterioration of physical condition. 


This reminiscence is most interesting, since it is quite evident the stu- 
dent was no faddist, but one working his way through school as a care- 
taker or janitor in some public building, probably associated with the 
museum, in which he had living quarters, but without the privilege of a 
fire. As far as my reading extends it is the only definite portrait of this 
character coming from antiquity. ; 


Fruits and Sugar: The ancients had practically all of our fruits ex- 
cept pineapples, oranges and grapefruit, and they were eaten liberally. 
In the household of a pulmonary-ulcer case pomegranate was probably 
always on the table on account of its astringent quality (it contains 
tannic acid), and its frequent employment in haemoptysis. 

Sugar came into vogue only during the late Middle Ages (about 1400 
A.D.), so that our typical candy did not exist. The ancients had, how- 
ever, numerous sweets made with honey, cocoanut, and sugary fruits 
like figs and dates. As can be seen from the many different ways in 
which honey was employed, it was a standby consumed to some ex- 
tent every day and with practically every meal. It was mixed with 
many drugs and prescribed as the vehicle in which many others were 
taken. In spite of the absence of cane-sugar, potatoes and white bread, 
diabetes was apparently as common as to-day. 


Relishes: Similarly to ourselves the ancients over- rather than under- 
used the condiments, relishes, flavorings and seasonings,— salt, various 
kinds of pepper, vinegar, mustard, ginger, cinnamon, dill, leek, onion, 
garlic, marjoram, sage, thyme, pellitory, caraway and mint, though 
nutmeg, cloves and vanilla were unknown. 
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Beverages: Coffee and tea came in centuries later. If they had had 
the latter it is quite evident that it would have been prescribed liberally 
in pulmonary ulcer on account of its tannic-acid content. The common 
beverages were water, wine, mulsum (a mixture of honey, wine and water 
boiled together), milk, and barley-water. They differentiated, however, 
a dozen or more wines (X, 831) of decidedly varying taste and strength 
to be taken at different meals, before and after exercise, to stimulate 
mentality, aid sleep, increase appetite, cure stomach trouble, increase or 
decrease peristalsis, as well as in definite illnesses. 

Galen was an ardent temperance advocate, practically never taking 
or prescribing wine straight, and sometimes diluting it with water to 
such a degree that other physicians twitted him that it might be possible 
to smell but surely not to taste (XV, 698), though from his pen we learn 
of mighty drinking bouts among students and bons vivants (X, 1, et 
seg.). Taking the attitude of Clement, the contemporaneous Christian 
Bishop of Alexandria,'* as that of the extreme reformer, gives us an idea 
of how the nonmedical population looked on wine. After urging boys 
and girls to eschew it, since at their burning season of life the ingestion 
of wine, the hottest of all liquids, is like adding fire to fire, he allows it 
to the advanced in life to warm the chill of age, and because “‘wine makes 
the drinker more cordial to his companions, kinder to his domestics, more 
sympathetic with his friends, and more benevolent to all.”’ 


Baths: In addition to drugs, nourishment, rest and to a certain extent 
fresh air in pulmonary ulceration, physicians prescribed in detail baths, 
massage and exercise. Never has there been a time when bathing was 
more ardently indulged in and more frequently prescribed for almost 
every human ill, until it eventually became the most important and 
definitely established event of daily life. 

Recognizing as we do that bathing is advisable, though from the stand- 
point of health not very necessary, since we have heard of our immediate 
ancestors, and see even yet the great majority of the Eastern world 
living ordinarily healthy. lives with very little water applied externally, 
our first reaction is one of surprise at how they were carried away. 
This was the result of the undeveloped state of medical knowledge. 

For instance, one of the most common and annoying of their nonfatal 
diseases was scabies. Failing to recognize that it was due to an animal 


16 Ante-Nicene Fathers, translated by Roberts and Donaldson, Buffalo, the. Christian 
Literature Publishing Company, 1885, vol. ii. 
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mite burrowing under the skin, they put it in the same category as other 
contagious diseases and considered it to be caused, like smallpox and 
progressive phthisis, by corrupt bodily humors. Frequent bathing pre- 
venting scabies, though unknown to them, by mere cleanliness, they 
concluded that this relief was the result of improvement in the bodily 
humors, and if changed in regard to scabies why not also in regard to 
other ailments. 

With the civilized world gone mad, the size and lavish magnificence of 
the public bathing establishments gradually assumed proportions that 
remain incredible even after repeated visits to their astounding ruins. 
Erected to accommodate the entire population, they were of inordinate 
size; intended for pleasure and recreation, as well as health, they were 
architectural masterpieces decorated with paintings and sculpture, the 
envy of modern times. 

Not only did they include the complete equipment of a present-day 
Turkish bath on a prodigal scale, but courts for exercising, rooms and 
gardens for rest, well-selected libraries of suitable books, and even lec- 
ture-halls where satirists and poetasters, philosophers and wiseacres, 
physicians and charlatans poured forth their effusions. 

Existing in every town, at certain hours the price of admission was so 
low as to make them accessible to the most abject. With every known 
facility for interesting and amusing the good-for-nothing and dilletante, 
no wonder that loungers were known who spent almost their entire life 
in their environs. On account of these baths Rome used seven hundred 
and fifty million litres of water a day, a larger amount than necessary for 
a city with the same population at the present time. 

From a number of places in his writings we learn that Galen was an 
enthusiast, and that, accompanied by physician and philosopher friends, 
he repaired to the public thermae each afternoon about three o’clock for 
exercise, bath and recreation. On his first sojourn in Italy (between 163 
and 166 A.D.) he was usually accompanied by his pupil and admirer, 
the medical practitioner, Epigenes, and the well-known and highly 
regarded teacher of Aristotelianism, Eudemus!? (XIV, 606); on his 
second sojourn from the Spring of 169 A.D. onward, he was accompanied 
at least sometimes by his assistant the philosopher, Glaucon, and his 
friendly rival, the philosopher, Thrasybulus, who were apparently tutors 
of the young Prince Commodus.!*“ 


17 They probably went to the magnificent baths of Titus and Trajan on the Esquiline. 
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To comprehend better what he prescribed for patients we present the 
usual stages followed by him and other devotees in ordinary health.'8 
On entering the thermae they checked their clothing and proceeded to a 
warm chamber where they were anointed with a special oil supposed to 
make the joints supple, yet not interfere with perspiration. This anoint- 
ing was sometimes accompanied by friction or even massage for the pur- 


Fic. 7. Mural painting, found in the Thermae of Titus and Trajan at Rome, to which 
Galen and his friends resorted every afternoon for exercise and a bath. It represents the 
game of trigonal ball, a common form of mild exercise in the palestra suitable to the convalesc- 
ing consumptive. It was not so active as the game of ‘‘small-ball,’’ about which Galen was so 
enthusiastic that he described it in a little treatise (V. 899-910). (Photograph from De- 
scription des Bains de Titus, pl. 17.) 


pose of limbering up muscles if tense or toning them up if too relaxed (VI, 
96 et seq.). - 

Proceeding nude to one of the several gymnastic courts, the majority 
exercised with the punching bag or dumb-bells, did gymnastic stunts or 


18 This description comes from repeated visits tothe ruins of the thermae in Rome, Baiae, 
Pompeii and Pergamum, from the writings of Galen, Lucian and Pliny the Younger, and from 
the notes attached to the story, Gallus, by Professor W. A. Becker, New York, Longmans, 
Green & Company, 1920. 
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played games. Up to the age of thirty-five Galen’s usual sport was 
wrestling; experiencing an upward dislocation of the acromial end of the 
clavicle?” he afterward restricted himself to the game of small-ball, 
which he came to enjoy so much that he wrote a little treatise on its 
diversion, its capability of exercising all parts of the body, and its free- 
dom from danger.'4°? 

Following the exercise which continued over a longer or shorter period, 
depending on the time at disposal or the feelings of fatigue experienced, 
the oil was scraped off as well as the sweat and grime accumulated during 
the play, and they adjourned to the hot chamber to complete:the sweat- 
ing process. Thence they proceeded to a large room where they revelled 
in a plunge or a swim in the warm or cold pool,—the latter for the pur- 
pose, in lay parlance, of “‘closing the pores” (X, 709). Wiped dry by 
attendants, they were anointed with a smooth, more or less perfumed 
oil. A rest followed, during which they slept, read, conversed, or listened 
to the address or reading of a friend. Resuming their habiliments they 
returned home to dinner. 

The entire procedure took usually from one to two hours, yet sometimes 
the interest in the exercise or game, the swim in the pool, or the subse- 
quent rest prolonged the time indefinitely. No work was done afterward, 
so that nothing was to be considered but dinner. Since he had an ex- 
aggerated idea of the healthfulness of the cold bath, it is to be taken for 
granted that Galen chose the cold pool. This is judged from his assur- 
ance (X, 717): ‘‘As red hot iron immersed in cold water is made stronger, 
so the healthy human body when hot is strengthened by a cold bath, 
even though weak unhealthy bodies do not necessarily react in the 
same way.” 

His enthusiasm was not carried to such excess, however, as to encour- 
age the barbarian German practice of dipping the new-born babe at any 
season of the year into the Danube with the view of hardening it; in fact, 
he is not satisfied with the adjective “barbarian,” but makes it “wild 
animal like” (VI, 51). At the time this work was written (175 A.D.), 
Rome was engaged in a serious war with the Germans and the story is 
representative of the popular gossip regarding them, which sounds not 
unlike some of the propaganda we listened to in 1917. 

In the regimen for pulmonary ulcer Galen gave three baths daily,— 
on rising, four or five hours later, and the third about three hours after 
lunch. The first and second were scarcely more than a rub-down, fol- 
lowed by an anointing with oil, and, especially in the case of sick pa- 
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tients, these were probably given in the home; the third, about 2 p.m. 
was more elaborate and approximated (X, 707) the usual course of the 
bath taken by the ordinarily healthy in public thermae, with an oil rub 
in the warm chamber followed by exercise or massage, a sojourn in the 
hot chamber, and eventual immersion or swim in the warm or cold 
pool followed by thorough drying and another oil-rub. Unnecessary to 
say, the sicker the patient the shorter and more gentle the different 
stages. 

This is indicated by Galen’s description of the bath for hectic fever, 
particularly when associated with consumption not due to corrupt 
humors. We limit the term hectic fever to tuberculosis, while the an- 
cients applied it also to other conditions; in fact, almost entirely to other 
conditions. In regard to fevers, they made a definite distinction of 
malarial from others, and even between the different malarial types. 
Among the nonmalarial they differentiated a one-day fever due to 
various improprieties, like worry, sorrow, anger and overexposure to 
sun; a hectic fever due to heat and dryness of the solid parts of the body; 
and a putrid fever arising from corrupt humors, like typhus and small- 
pox. In general, any fever was putrid when associated with an obnox- 
ious odor; hence, fever accompanying a bronchiectasis or a far-advanced 
tuberculosis.!9 

Galen’s description of the bath for hectic fever shows how much 
thought was given to bathing and how much care was exercised to pre- 
vent personal active exertion on the part of the sick (X, 723): 


The patient is carried on a cot by four men to the first room of the bath [which 
was a warm room], undressed, placed on the table and washed with hot water. 
He is then wrapped in a fine linen covering and carried to a warmer chamber 
where warm oil is poured over the wrapping. Carried again into the hottest 
room, he is lowered on the linen sheet into a bath of hot water and allowed to 
remain some time. Finally he is carried on the sheet by the four men to the 
cold room of the bath and immersed for a very short period two or three times 
in the cold water (X, 725). Wrapped again in a hot linen sheet he is gently 
dried with sponges and soft cloths and anointed with oil. His clothes are put 
on and he is transported on a cot to the house or room where he is accustomed 
to eat, and a repast is given (X, 726). This should consist of cool cream of 
barley soup seasoned with leek, dill, salt, oil and vinegar, into which a little 
bread may be dipped. : 


19 On Galen’s hectic fever, see also Flick, Lawrence F.: The Development of Our Knowl- 
edge of Tuberculosis, Philadelphia, Pa., 1925, p. 53. 
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Though the very ill were probably given the prescribed baths in bed, 
or at least in their homes, it is evident from Galen’s description that other 
patients walked or were carried to public thermae, since: few private 
houses were sufficiently equipped. Whether or not they had special 
thermae for the sick is unknown; if not, however, it is almost sure that 
the sick were bathed in individual tubs instead of the common pools. 
It is quite evident also that patients sometimes lodged in one house 
while eating in another, and that help must have been numerous. 


Quasi-Sanatoria at Stabiae: Galen’s statement that, in addition to the 
cows, he put asses and goats to feeding on the hillside at Stabiae, would 
imply a proprietary interest in some establishment, or at least some 
connection in a medical directing way, arising from sending patients. 
Both may be true. On account of the number of patients that he and 
apparently other physicians referred to this resort, it is quite evident 
that houses or inns would be opened for their lodgment and care. 

A patient coming to Stabiae might be accompanied by his family 
and by slaves, and then occupy a house or an apartment; or, coming 
alone (which was rare) or with only one or two slaves, he might take up 
lodgings in an inn, a private house, or a house catering or devoted to 
patients. With the natural limitation of houses and apartments to let, 
and with the trade at hand, houses must also have been built for the par- 
ticular care of patients, partaking, as in our day, partly of the nature of 
an inn and partly a private house. I have introduced drawings of a 
common type of private house and inn to illustrate the usual manner of 
living. It is likely that even the treatise of Galen, from which most of 
this article is taken,?° was followed in the quasi-sanatoria to which he 
recommended patients in addition to special directions accompanying 
the individual. 

Slaves were abundant and cheap on account of the wars, and since 
many were well instructed along the technical lines of massage, bathing, 
anointing with oil, and other activities of the thermae, the nursing was 
probably good. In addition, physicians were numerous and they appear 
to have been seeing patients more rather than less frequently than neces- 
sary, as well as carrying out many of what we would recognize as nursing 
procedures themselves. From Galen himself we learn that while so- 
journing in Rome he lodged occasional patients in his own house (XI, 300). 


20 His great work on Therapeutics, commonly called Method of Cure, and particularly 
Book V. 
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It is not impossible that the houses in Stabiae taking patients were usually 
residences of physicians. 

From this feeding experiment also it would seem that on this particular 
occasion Galen must have expected to spend quite a little time at Stabiae, 


Fic. 8. Exact ground-floor plan of one of the nicer houses at Pompeii (that of the Tragic 
Poet). 1. Entrance. 2. Stores facing the street. 3. Atrium, an open reception and liv- 
ing-room. 4. Bed-rooms. 5. Alcove used as library, study-room or private chapel. 6. 
Tablinum, an enclosed living-room. 7. Peristyle, an open-family living-room. 8. Dining- 
room. 9. Kitchen. 10. Latrine. 11. Rear entrance. 12. Shrine to household god. 13. 
Room of slave butler or houseman who was also the doorman. 14. Entry clothes-closet. 
15. Stairway to second floor. Behind the house was frequently an open garden containing 
stables and outhouses. There was usually a second floor with further bedrooms, though they 
were commonly used by servants, slaves or paying lodgers. (Plan from Muirhead’s South- 
ern Italy, 1925.) 


or in its neighborhood. At this period he was physician to Prince Com- 
modus (the son of Marcus Aurelius) and the family frequently. spent 


vacations at imperial country houses at Baiae and at Naples. 
The former (twenty-six miles from Stabiae by land or twenty-two by 
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water), to which the Empress Faustina was addicted, was situated on 
the northern shore of the Bay of Naples, and was for five hundred years 
the best-known fashionable resort of the ancient world (100 B.C. to 400 
A.D.). Nature and art vied in making it unique. The beauty of the 
situation, the gorgeousness of the villas, the palatial yachts on its pro- 
tected bay, the clear air, blue sky, budding springtime,”! and nights se- 
ducing to love and revelry, all combined to make it incomparable. Such 
was its unbridled luxury and dissoluteness, however, that it would not be 
surprising if, while the mother was sojourning at Baiae, Commodus occu- 
pied the quieter villa in Naples, then only a small city of no pretentious- 
ness. Or he even might have been vacationing at Stabiae itself on ac- 
count of its salubriousness.'4“ 

The one objection to the last was the contagiousness of some of the 
cases to which the young prince would scarcely be submitted. For Galen 
tells us (VII, 279): 


It is dangerous to be associated with patients suffering from the pest which is 
conveyed not dissimilarly to scabies and certain ophthalmias. It is likewise 
dangerous to live with patients with consumption, and in general with all hav- 
ing a breath sufficiently odoriferous as to be evident in their surroundings. 


Showing the interest of the royal family in Naples, we have from the 
pen of the great Emperor Marcus Aurelius a letter describing the weather. 
Writing to his friend and early teacher, the well-known rhetorician and 
barrister Fronto,” he half-facetiously compares it with other cities in 
which imperial country houses existed. Constantly in delicate health 
all of these places knew him well from periods of recuperation at various 
times. 

“The climate of Naples’ he says, referring probably to March and 
April, the height of the fashionable season, 


is pleasant but changeable. Every two minutes it can be colder or warmer or 
rawer. Midnight is warm as Laurentum; cockcrow chilly as Lanuvium; dawn 
till sunrise coid as Mt. Algidus; forenoon sunny as Tusculum; midday hot as 
Puteoli; after sundown temperate as Tibur. 


Remembering that Stabiae was in a particularly favorable location 
promoting dryness of air and protected from the north and east winds, 


*1 The regulation Campanian season was March and April (Friedlander, Ludwig: Roman 
Life and Manners, translated by Leonard A. Magnus, I, 329). 

22 The Correspondence of Marcus Cornelius Fronto, translated by C. R. Haines, New 
York, G. P. Putnam’s Sons, 1920. 
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this letter adds to Galen’s description on account of the proximity of 
the two cities (seventeen miles). The quick variations Marcus refers 
to in Naples were, of course, lacking, and we would presume the weather 
to be pleasant and not unexpectedly changeable,—sunrise a little late 
on account of the mountain to the east, but from midmorning to late 


Fic. 9. Reconstruction of ground floor of the house of the Tragic Poet at Pompeii. On 
the right is shown part of the door to a bed-room closed usually with a curtain, and’almost 
always left open, with above an open-air transom. Next to it is the open alcove used as a 
library, study-room or private chapel. The maid-servant, usually a slave, is seen coming 
through the passageway from the peristyle into the atrium. In the centre of the atrium is 
the impluvium or water-cistern to catch the rain from the roof which sloped toward the centre. 
The man and woman are conversing in the tablinum which could easily be, and frequently was, 
shut off by curtains or solid walls, and in physicians’ houses was used as the office with the 
atrium as the waiting-room. The peristyle with its columns is seen at the rear. At the back 
of the peristyle is a niche for a statue of the god to whom the household was devoted,—in 
sanatoria usually Aesculapius. On the flat roof was sometimes a solarium for enjoyment of 
the warmth of the sun, and for even sun-baths in the way of treatment which was consider- 
ably in vogue. (Photograph from Adams’ “The Buried Cities of Campania’’.) 


evening brilliant sunshine with the hottest hour of the day that of the 
bath at 2 p.m.; after sundown temperate with the night cooling gradually 
till dawn: in other words, warm dry sunny days with cool dry nights. 

It is interesting to note that Stabiae (now called Castellamare, from a 
castle built there by the Emperor Frederick II in the thirteenth century) 
is still known for its luxuriant vegetation and for the best milk in Italy. 


if 
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This fact is emphasized in that a town to the east of Stabiae is called 
Milk, and the Mountain near at hand, Milk Mountain (Mons Lactarius, 
or in modern Italian Monte Lettere). The name Capri even has at least 
an allied association since, translated, it means Goat Island. 

The rich soil making for the vegetation is the result of the settling 
ashes and the frequent upturning of the earth by volcanic tremors. 
Mineral springs abound, some impregnated with sulphur and carbonic- 
acid gas, adding to its renown as a health resort. The modern casino 
is in the Villa Quisisana, and one of the streets and one of the prominent 
hotels are called by the same name, which translated means, ‘‘Here is 
health recovered.” In addition to milk, the region constitutes the locale 
for Italy’s most highly regarded wine, and for the world’s best macaroni, 
its excellence being due to a special variety of wheat grown near at hand 
and the mineral constituents of the local water. 

In 79 A.D. Stabiae was destroyed with Pompeii and Herculaneum, and 
it was here that Pliny the Elder lost his life while making scientific ob- 
servations on the eruption. On Galen’s visits about ninety years later, 
it was known not only for its perfect situation for the cure of pulmonary 
and other inveterate ulcers, but for the interesting history of its destruc- 
tion, its sea and mineral baths (one for the cure of gall-stones), its coral 
deposits, and its superb view over the Bay of Naples taking in the islands 
of Capri and Ischia, the awesome Vesuvius, the important seaport 
Puteoli with its animated harbor crowded with the largest ships afloat, 
and Baiae the luxurious seaside resort of the affluent. 

Exactly when physicians began sending patients with pulmonary com- 
plaints to Stabiae is unknown, but it would appear that Galen added 
materially to its vogue, and was possibly among the originators of the 
idea. He accuses the quack Thessalus, who flourished during the reign 
of Nero (54-68 A.D.), of endeavoring to cure various, even malignant, 
ulcers (on the surface of the body) in different silly ways, and after fail- 
ure sending the patients to Libya (Northern Africa) for a change of air 
(X, 263, 286), and also describes patients sent there in his time (XII, 
191). In other words, Libya was a common locale during all these years 
(60-195 A.D.). About 105 A.D. we find Pliny the Younger generously 
sending one of his competent servants (an excellent reader, musician and 
entertainer) with haemoptyses to Egypt, ‘‘whence after a long absence he 
returned with great benefit to his health.”’ On a later relapse he sent 
him to Frejus on the French Riviera on account of its salubrious air and 
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good milk. Apparently it was after Pliny’s time that the prestige of 
Stabiae arose. The “long absence’”’ of Pliny’s servant in Egypt gives an 
idea of the length of time patients sometimes remained. 

Unnecessary to say, their purpose in sending patients to a dry climate 
was to dry up the ulcer. They were consistent, however, and sent all 
chronic ulcers, no matter where situated, while physicians to-day, 
though they have learned it has no effect on external ulcers, still attribute 
efficacy in the case of those they cannot see. 

It is quite evident that in addition to other tuberculous cases, the 
patient saw about him in Stabiae cases of ulcer of the stomach, bladder, 
ischiorectal region, cervical lymph nodes, varicose leg veins, running ears, 
certain eczematous and other chronic skin eruptions and cancers of vari- 
ous external parts, though the last when diagnosed, and they frequently 
were, returned home early. From Galen’s description even cases re- 
cuperating from smallpox were seen (X, 366). 


Galen’s Daily Regimen for Pulmonary Ulcer: Though patients when 
very ill, especially when spitting blood, or immediately after the diagnosis 
of pulmonary ulcer was first made, were kept pretty strictly in bed with 
advice to restrain the cough and without visitors in order to avoid con- 
versation, the order of day for the average patient at Stabiae, particularly 
those who were improving, appears to have been about as follows: 


6:30 A.M.: Rise, stretch the limbs by a little walk. Bowel movement at this 
time encouraged. Bath followed by oil rub. Attend milking and, before the 
milk has had time to become cooled by the surrounding air, take allotted amount. 
Then rest till breakfast. The cow was milked in the backyard or in the street fF 
at the front of the house; the goat near or even within the room of the patient. 
The time for rising was about daybreak or a little later, and varied with the E 
season of the year from about 5:30 to 7:30 a.m.*4 "a 


3 Letters of Gaius Plinius Secundus, translated by William Melmoth, New York, P. F. 
Collier and Son Company, the Harvard Classics, [X, 288, 1909. 

24 In Rome the rising of the sun varies from 5:28 in June to 7:31 a.m. in December, and the 
setting from 8:34 to 4:25 p.m. Galen confirms this in the statement (VI, 405) that at Rome 
the longest day was a little more than fifteen equinoctial hours and the shortest a little below 
nine, while in Alexandria the longest day was fourteen and the shortest ten hours. 

The water-clocks of the period were so contrived that from the rising to the setting of the 
sun was divided into twelve hours, as was also from sunset of one day to sunrise of the next. 
In June, 5:28 a.m. to 8:34 p.m. became twelve hours, as well as the much shorter time in 
winter from 7:31 A.M. to 4:25 p.m. Asa consequence, the winter daylight hours were very 
short and the night hours long, with the reverse in summer. The time I have indicated for 
the individual activities is that of the spring and fall, which would be midway between the 
extremes of summer and winter, during the former the patient rising about an hour earlier 
and during the latter about an hour later. 
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7:30 A.M.: Breakfast, which usually consisted of bread seasoned with salt or 
other condiment, cheese, olives, and dried grapes or other fruit. In pulmo- 
nary-ulcer cases one or two eggs were apparently added, either coddled or soft- 
boiled. The common beverages were barley-water or mulsum (honey, wine 
and water boiled together), though drinking at meals was discouraged except 
to the extent of moistening and softening the food. 


10:15 a.m.: Bath, oil rub, and milk as at 6:30 a.m. After each feeding of milk 
the mouth was rinsed with a mixture of honey and dilute wine in order to re- 
move the particles from between the teeth, otherwise, dental caries and spongy 


gums might be expected. 


11 a.m.: Lunch, which consisted of meat or other dishes warmed over from 
the dinner of the previous day with bread, or of eggs or fish, and sometimes 
pastry, cakes or fruit. Wine or mulsum was the common beverage. 


12—2 p.m.: Rest time. 
2 p.M.: Oil rub, exercise, bath and again an oil rub. 


3 p.M.: Dinner, which was in general similar to our own, beginning with hors 
d’oeuvres (olives, celery, lettuce, and spiced or pickled vegetables), or oysters, 
and extending through fish, meat, vegetables, dessert and fruit. The most 
frequent meat in pulmonary ulceration was milk-fed cockerel (especially the 
testes and wings), or capon, and, as the patient became stronger, pork.” 


4 p.m.: In cultured homes an hour’s entertainment on the lyre or cithara 
followed the dinner, and, since Galen was fond of music (X, 3), and it was 
generally favored in chronic disease, this probably constituted a standing 
order. The entertainers were frequently slaves who might also be dancers or 
comedians, as was Pliny’s servant, the previously described case of tuberculosis 


(p. 38). 


7 P.M.: Retire for night. In health Galen thought about nine hours’ sleep ad- 
visable (VI, 406); in illness more. The bed-room should be airy (X, 701), 
cool rather than warm, and face the south if possible (X, 364). 


2 The Romans ate little at breakfast (X, 489), and not a great deal at lunch, but they 
made up for it at the evening meal. The contemporaneous Lucian describes a dinner (The 
Works of Lucian of Samosata, translated by H. W. and F. G. Fowler, Oxford, the Clarendon 
Press, 1905, II, 266): Pig’s feet with sauce piquante, ribs of beef, ribs and pregnant womb 
of sow, fried liver with garlic paste, fish, fowl, a whole roast sheep, vegetables, salad with 
mayonnaise, bread, pastry and honey cakes. 
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On the table by the bedside were placed, when considered advisable, 
demulcent cough drops, or sometimes an expectorant mixture, but never 
opium, yet, when the cough was violent with the result of sleeplessness 
over nights before, a single dose might be prescribed. With the evidence 
before us of the continued frailty of human nature, it is also not difficult 
to imagine that, as our sympathetic but not too scrupulous nurse some- 
times administers to the coughing patient without the physician’s 
knowledge a tablet of codeine, Galen’s skilled attendant was tempted 
by, and occasionally fell for, the seed mixture containing opium and 
hyoscyamus.”6 


% This is the first translation of Galen’s treatment of pulmonary consumption in detail 
in any modern language. There is an admirable translation of considerable of it into old 
English by Dr. Thomas Gale in 1586, entitled Certain Works of Galen called Methodus Med- 
endi (London, Thomas East), and a much abridged translation by Peter English in 1656, 
entitled Galen’s Method of Physick (Edinburgh, printed by A. A. for George Swintown and 
James Glen). The former is a literal translation of books III, IV, V and VI of Galen’s 
Methodus Medendi (X, 137-455), the latter an abridged translation of the entire fourteen 
books. The peculiarities, however, of both in type and language render them almost as 
difficult to read as a foreign tongue. In spite of this I have made considerable use of them, 
with the idea in mind that they, employing this work as a text-book, spent more time in the 
effort to understand the meaning, and had besides the traditions of continuous practice along 
those linestoaidthem. Though the most of his treatment is found in the Methodus Medendi, 
the remainder, which is far from small, was sought throughout the entire works, not a little 
coming from his treatises on hygiene (VI, 1-452), foodstuffs (VI, 453-815), and materia 
medica (XI, 379-892; XII, 1-1007; XIII, 1-1058). 
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A PROGRAM FOR COLLAPSE THERAPY 


JEROME R. HEAD! anp O. C. SCHLACK? 


For the past eighteen months at the Oak Forest Tuberculosis Hospital, 
we have been proceeding upon the principle that every case of unilateral 
pulmonary tuberculosis should be treated surgically. It is the purpose 
of this paper to present our reasons for inaugurating so radical a program. 
As to the results, at this time we will say only that there has-been no oper- 
ative mortality or morbidity, and that no patient has been made worse by 
the treatment. 

Our reasons for adopting this program have been based partly upon 
logic and partly upon experience. Not the least consideration has been 
a recognition of the type of patient with which we have to deal. Oak 
Forest is the Cook County Tuberculosis Hospital. The patients are 
drawn principally from the laboring classes of a large metropolitan area. 
A great many of them leave the Hospital against advice after too short a 
stay, and even those who remain until discharged as arrested are unable 
on account of economic necessity to continue their convalescence at home 
under proper conditions. 

Our first premise has been that the two factors, other than hygienic and 
social, which favor the inception, the progression, and, once it has been 
arrested, the reactivation of pulmonary tuberculosis, are motion, and 
incollapsibility of the diseased part. Our second premise has been that 
the only known specific remedies, other than hygienic and social, against 
the progression and reactivation of pulmonary tuberculosis are rest and 
collapse. 

From these premises, it is a logical conclusion that rest or rest and col- 
lapse should be applied to every case as effectively as possible, with the 
sole restriction that the risk of the application be not greater than the 
risk of the disease. We have felt that by doing this we could make 
more rapid and certain the recovery, and could decrease the incidence of 
recurrence. 

The procedures which we consider in any given case are blocking and 

1 Northwestern University Medical School and Oak Forest Tuberculosis Hospital. 


2 Oak Forest Tuberculosis Hospital. 
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extraction of the phrenic nerve, artificial pneumothorax, thoracoscopic 
pneumolysis, and paravertebral extrapleural thoracoplasty. 

Blocking or extraction of the phrenic nerve are, in experienced hands, 
absolutely safe procedures. They entail neither an operative mortality 
nor morbidity. The only objection which can be raised to employing 
either of them in every case is that phrenicectomy produces a pemanent 
paralysis of one-half of the diaphragm. The slight reduction in the vital 
capacity which this induces is no more noticed by the patient than is the 
absence of an appendix or a gall bladder, and, in our minds, is cheap in- 
surance against reactivation. It is reasonable to believe that what favors 
healing will discourage recurrence. 

Artificial pneumothorax, in spite of its apparent simplicity, is a proce- 
dure with many dangers and many disadvantages. Peters found that at 
Loomis Sanitarium over a period of fourteen years the mortality from 
pleural complications alone was 5 per cent. When one adds to this the 
deaths from air embolism and the many instances in which the lung fails 
to expand, and thoracoplasty has eventually to be performed, the true 
seriousness of the treatment is apparent. It entails, moreover, a pro- 
longed period of supervision and semiinvalidism. It is argued in its 
favor, as against the former operations, that at the termination of the 
treatment the lung reéxpands and resumes its function. Even if this 
were wholly an advantage, it is not true. A lung collapsed by artificial 
pneumothorax for any considerable length of time suffers as serious and 
as permanent disability as that occasioned by phrenicectomy, and, when 
it reéxpands, draws in and immobilizes the ribs and displaces the medias- 
tinum, narrowing the pleural cavity to suit its contracted state. It is 
our belief, and that of many others, that the lung should never be allowed 
to come out until a phrenicectomy has first been performed. Moreover, 
a lesion which has become encapsulated while the lung is collapsed is less 
securely healed than one which has become closed with the lung expanded, 
and which does not have to be subjected to the stretching and tearing 
of reéxpansion. Pneumothorax, while much more effective in producing 
rest and collapse than phrenicectomy, is much more dangerous and 
disabling. 

Paravertebral extrapleural thoracoplasty carries an operative mortal- 
ity of less than 5 per cent. It is neither a dangerous nor a disabling 
operation. It gives a less complete collapse than artificial pneumotho- 
rax. It is the only operation whose permanence can be held strongly 
against it, for it is the only one which practically precludes collapse 
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therapy of the contralateral lung, should this become seriously involved. 
We have said, “‘practically precludes,’”’ because selective pneumothorax can 
be and has been used in such instances. Although this operation is the 
most radical of all, it is not beyond reason to believe that in certain types 
of cases it will come to be considered preferable to artificial pneumo- 
thorax. 

Since blocking or extraction of the phrenic nerve are entirely without 
risk, and since they afford a definite degree of rest and: collapse to the 
diseased lung, it has seemed to us justifiable to employ one or the other 
of them in every case of unilateral pulmonary tuberculosis, even though 
the involvement is only minimal. We feel that there is nothing to be 
lost and a great deal to be gained in the way of hastening recovery and 
preventing reactivations. 

In case the disease progresses or fails to become arrested under this 
treatment, we advise artificial pneumothorax. If artificial pneumotho- 
rax is impracticable, or so incomplete as to be ineffective, and cannot be 
improved by thoracoscopic pneumolysis, thoracoplasty is advised. We 
would emphasize the fact that once we have become assured that all 
other measures have failed, active disease in the contralateral lung or the 
presence of serious tuberculosis in other organs are our only contraindica- 
tions to thoracoplasty. By this we mean that we do it in the acute, 
rapidly progressing types of the disease, as well as in those more chronic 
and productive. We feel that it is the only chance that the patient has, 
and that he should be given this chance. If the operation is planned to 
fit the patient, and is carefully executed, the operative mortality in the 
soft destructive types is no greater than in the others. In the 33 cases 
in which thoracoplasty has been performed by one of us, there has been 
but one case of operative mortality; and, although this patient had 
chronic fibroid phthisis of eight years’ standing, the lesion in the better 
lung proved to be too extensive, and he died of a pneumonic activation of 
this on the sixth day after the fourth and final stage of the operation. 

The objection which has been raised most frequently and most seriously 
against this program is that if the disease spreads to the other lung, it 
can be less well treated there if the opposite lung has been permanently 
crippled by operative measures. To this we have said, first, that ex- 
tension to the opposite lung was less likely to occur if the original lesion 
were attacked early and forcefully. In regard to blocking or extraction 
of the phrenic nerve, in the minimal cases we have said that blocking 
produced no permanent disability, and that that occasioned by extraction 
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was so slight that it did not preclude any type of collapse therapy on the 
opposite side. In regard to the cases which are further advanced, and 
which have progressed or failed to heal under the above treatments, we 
have said, first, what everyone must say to himself when he feels that 
pneumothorax is indicated: that the disease at hand is enough to worry 
about at the present time, and that to neglect it because of what may 
happen in the other lung would be as foolish as for firemen to devote all 
of their efforts to preventing the spread of flames to the upper stories of 
a building, the foundations of which were being rapidly consumed. 

In this paper, for the sake of simplicity we have spoken only of strictly 
unilateral tuberculosis. The problem of the contralateral lung is, and 
always has been, the most important ofall. In a program of this kind, it 
must be considered in the same manner as it always has been considered 
in contemplating collapse therapy; and the results will depend in large 
part upon how carefully and how well this is done. 

We do not believe or hope that the program here outlined is the one 
which experience will eventually prove to be best. The present is not 
the time for anyone to be dogmatic in regard to the indications for col- 
lapse therapy. The results of any form of treatment of pulmonary 
tuberculosis must be judged not only in terms of improvement or arrest 
of the present attack, but in terms of freedom from recurrences over many 
years. The problem will surely be still unsettled when everyone now 
living is dead. 3 

While we can conceive of many other programs which might be better, 
we do not feel that this one is radical. There is that in the surgeon’s 
wares which creates a stubborn sales resistance; and it has been the his- 
tory of the surgeon’s progress in every field that he has had to break this 
down by performing miracles on moribund patients before he was per- 
mitted to try his dangerous tricks on those who might pull through 
without him. 

In a disease as chronic and serious as pulmonary tuberculosis, in which 
the value of a therapeutic agent has been so amply proved as has that of 
rest and collapse in this, we do not see how we can escape theconclusion 
that this remedy should be applied as completely and effectively as 
possible, regardless of the fact that the patient might get well without it, 
with the sole restriction that the risk and disability incident to the treat- 
ment be not greater than that incident to the disease. 
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PHRENIC NEURECTOMY IN TUBERCULOUS EMPYEMA 
Report of a Case 


R. H. SUNDBERG! 


The results following the relatively simple procedure of phrenic neurec- 
tomy in the treatment of pulmonary tuberculosis have been extremely 
interesting. We have grown accustomed to the cutting down of cough 
and sputum, to the subsidence of temperature and to the healing of cavi- 
ties even in upper-lobe lesions following this operation. A search of the 
literature, however, has revealed no case of tuberculous empyema in 
which a phrenic neurectomy alone, without subsequent thoracoplasty, 
was followed by obliteration of the cavity. The case of tuberculous em- 
pyema presented here is of the type for which thoracoplasty has usually 
been advocated, and the results obtained by phrenicectomy alone, which 
was performed in preparation for a thoracoplasty, make it of interest. 


The patient, a young man twenty-seven years of age, came to us on November 
22, 1929, complaining of a draining sinus in the left chest and of easy fatigue. 
The patient was a sheet-metal and electric worker, unmarried, and there was 
nothing of importance in his family history. In February, 1925, he had had a 
pleurisy with effusion, for which he was tapped with the removal of two and 
one-half quarts of clear serous fluid. Guinea-pig inoculation was not carried 
out. He was hospitalized for four or five weeks at this time and during this 
period his tonsils were removed under ether anaesthesia. Following tonsillec- 
tomy, pneumonia with a high fever developed. After recovering from the 
pneumonia the patient went home but returned to the hospital within seven- 
teen days, feeling very weak and ill. In June, 1925, two months after the 
attack of pneumonia, the empyema which had formed was drained by rib-resec- 
tion. The patient remained in the hospital for five months, finally returning 
home in November, 1925, where he remained at rest until May, 1926. He 
then went back to work, and had been up and down since that time; he would 
hold a job for a few months, and then have to give it up again. Throughout 
this time he had persistent drainage from the sinus, draining between one-half 
to one and one-half ounces of greenish-yellow pus a day, for which he wore a 
drainage-pad. The patient stated that although tuberculosis had been sus- 
pected, the diagnosis had never been confirmed. 


1 Rees-Stealy Clinic, San Diego, California. 
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Physical examination revealed practically normal findings throughout, ex- 
cept for the findings in the chest. An elliptical scar, four inches in length with 
convexity inward, extended from the inferior angle of the left scapula downward 
to the posterior axillary line. There was an area of granulation with yellowish 
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Fic. 1. PLATE TAKEN BEFORE PHRENICECTOMY WAS PERFORMED 


“X”’ marks upper level of diaphragm. Density of pleura makes interpretation difficult. 
(Plate reversed by printer.) 


pus exuding from the drainage opening. The anterior surface of the chest was 
drawn inward and flattened. Examination showed increased breath-sounds 
opposite the left hilum posteriorly, a few clicks opposite and around the area of 
incision, decreased breath-sounds around the lower left lobe, and impaired 
resonance in the lower left lobe posteriorly. 
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The patient stated that when he was fatigued he often coughed up yellowish 
sputum. 

Roentgen examination of the chest showed a thickened pleura extending 
downward from the fourth posterior rib in the left chest cavity. The extreme 


Fic. 2. PLATE TAKEN 6 MONTHS AFTER PHRENICECTOMY 


“Xx” marks top of diaphragm 5 cm. higher than in previous plate. Air above fluid level in 


stomach visible under diaphragm. (Plate reversed by printer.) 


base of the area was obscured by thickened pleura, but the ribs were visualized 
and there did not seem to be evidence of fluid in the chest cavity. No lung 
shadows were visualized in the lower third of the chest. Pleural thickening and 
shadows of tuberculous infiltration of lung tissue in the extreme left apex were 
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evident, together with very slight infiltration along the second interspace trunk. 
In the right lung field there was much infiltration confined to the bronchial 
structures with flattening of the diaphragm. 

When the patient first reported to us, before the guinea-pig inoculation had 
given us positive evidence that we were dealing with a tuberculous empyema, 
the pleural cavity was washed with saline solution followed by a one per cent 
mercurochrome solution. On one occasion the patient coughed up some of the 
mercurochrome and we felt that our suspicion of the presence of a bronchial 
fistula was confirmed. 

When the results of the guinea-pig inoculation showed that we were dealing 
with a tuberculous process, the patient was hospitalized for a thoracoplasty, 
and a phrenic neurectomy with resection of about 14 cm. of the nerve was per- 
formed. To our surprise all drainage ceased one week after the phrenicectomy 
was done and the sinus healed over in about two weeks’ time. During this 
interval an afternoon temperature of from 98.8° to 99° was noted. Following 
the return to normal temperature the patient was put on graduated exercise 
for one month. He then felt well enough to go to work, despite our advice of 
further rest, and during the last six months had been leading a normally active 
life with no recurrence of drainage. 

An X-ray film, taken six months after the phrenicectomy, shows that the 
pleura has thinned out, although it is still too dense to allow visualization of 


lung markings. The diaphragm on this side is fixed and about two inches 
higher than in earlier films. 


It is possible, with the history of a pneumonic infection following ton- 
sillectomy, that the patient may have had a lung abscess. This in turn 
may have perforated the visceral pleura and activated an old tuberculous 
process, which would account for the tuberculous nature of the pus. It 
seems somewhat more probable, however, that the ether anaesthesia was 
the factor which reactivated an old tuberculous focus and, through per- 
foration, brought about the exudative pleural infection. Whatever the 
course that brought about the empyema and despite the marked thickness 
of the pleura and history of long-standing drainage, the rise in diaphragm 
following phrenic exairesis was sufficient to obliterate the suppurating 
pleural cavity. 
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THE IMMEDIATE RESULTS OF CONTRALATERAL 
PRIMARY ARTIFICIAL PNEUMOTHORAX 
(ASCOLI)! 


M. LUCACER 


Experience has already shown that pneumothorax on one side influ- 
ences favorably the lateral lesions of the other side. It is rather difficult 
to explain how the unilateral pneumothorax affects in this manner the 
functions of the opposite lung. But Epiphanio (1) demonstrated for the 
first time, by means of roentgenological researches, that, when gas is in- 
troduced into one side of the pleural cavity, the other side shows the 
effect. Because of the displacement of the mediastinum, the size is 
diminished and subsequent movement limited. 

Parodi and Bordet (2) have accurately measured the interdependence 
of the pressures that exist in the two pleural cavities. 

Following the same lines of investigation into the physiomechanism of 
the pneumothorax, my teacher, Professor Ascoli, found that the position 
of the mediastinum is due to the negative pressure in the pleural cavities. 
If the pressure is increased in one side, perhaps by the introduction of gas, 
the mediastinum is displaced toward the opposite side because of the 
difference in pressures, and the equilibrium is thus reéstablished. 

In the first phase of intrathoracic adjustment, made solely by the dis- 
placement of the mediastinum, to a limited extent it is immaterial 
whether the pneumothorax is made in the right or the left side, or in both 
sides at the same time. The effect is the same; the bilateral lowering of 
the endopleuritic pressure leads to the distention of the pulmonary 
parenchyma. 

When the mediastinum has reached the limit of normal displacement, 
the pressures begin to differ. In such a unilateral pneumothorax, dis- 
tention of the opposite lung follows, sometimes to an attenuated degree. 

These considerations last year persuaded my teacher to perform a 
primary contralateral pneumothorax in a case in which, because of wide 
pleural symphysis, the unilateral was impossible. This should not be 


1 From the Medical Clinic of the University of Palermo, Italy, Professor Maurizio Ascoli, 
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confused with another, also iooked upon favorably by my teacher, which 
is a secondary supporting pneumothorax, applied only in cases of serious 
circulatory difficulties due to an excessive displacement of the mediasti- 
num, a procedure which has given good results in cases handled by 
Giuffrida, Randone, and Frigerio. 

The primary contralateral pneumothorax, which is applied on the 
healthy side, includes only a simple reduction of the lung’s motion, and 
never completely immobilizes it. Indeed, this procedure, as is also true 
of the bilateral pneumothorax, is a part of the generic concept of the 
partial or detention pneumothorax introduced by Maurizio Ascoli in 
1912 (3), at the same time applying the Forlanini pneumothorax, pro- 
ducing under treatment the complete immobilization of the lung. 

In practice the performance of the primary contralateral pneumotho- 
rax depends upon the healthy condition of the surrounding pleura, and 
upon the possible sufficient displacement of the mediastinum. To deter- 
mine the condition of the pleura, it is well to follow the rules governing 
the unilateral pneumothorax, since the course to be followed is shown in 
practice by experimental evidence. In regard to the mediastinum, an 
accurate physical and roentgenological examination (including the heart) 
and measurements with Parodi’s ergomanometer will show the steadiness 
of the mediastinum but will not indicate its degree of displacement. In 
consequence, the determination to use the method rests on therapeutic 
experiments. 

The ideal indication for primary contralateral pneumothorax, accord- 
ing to Professor Ascoli, would be its association with an operation on the 
affected side. This consideration coincides with four cases recently re- 
ported by Coulaud (4) in that in pulmonary lesions great benefit resulted 
from the development of a serous contralateral pleuritis. Theoretical 
support of the same indication comes from recent researches of Chini (5), 
who demonstrated that the lateral pneumothorax in animals produces on 
the opposite side histological modifications similar to those found in the 
lung directly compressed. 

Fichera and Giuffrida (6) reported the first immediate results obtained 
from this method. Another case has been reported by Jacono (7). 

Fichera and Giuffrida reported four cases. In one, soon after the 
first insufflations, a fixed mediastinum was found at a roentgenological 
and ergomanometric examination. Persistence of treatment, even with 
the codperation of the patient, gave no result. In the other three, the 
immediate result was very good in one, and only satisfactory in the other 
two. 
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The case of Jacono was much more satisfactory. A girl of 18 had 
suffered previously from a right-sided pleurisy. In March, 1928, she 
had bloody expectoration, with cough and fever, and lost much in weight. 
The diagnosis was bronchopneumonic tuberculosis of the right upper 
lobe. Since it was impossible to do the unilateral pneumothorax be- 
cause of the previous pleuritis with adhesions, the left side instead was 
operated upon. Soon after the introduction of the gas, the fever dropped 
from 39°-39.5°C. to 37.8°-38.2°C. After the third insufflation, the tem- 
peraure became normal, and the expectoration diminished daily and 
soon ceased. In three months the weight increased 8 kilos. 

Recently Professor Fernandez of the Academy of Medical Sciences of 
Palermo (8) reported favorable results in three cases of unilateral tuber- 
culosis treated with primary contralateral pneumothorax. 

Doctors Antinori and Aliquo have performed primary contralateral 
pneumothorax upon two patients who suffered from gangrenous abscesses 
which repeatedly affected the lung and which had been refractory to 
any treatment. In these cases the unilateral pneumothorax was not 
possible because of adhesions, not curable by surgical intervention. The 
final results were favorable. 

But both these physicians warn against generalizing from these suc- 
cesses, declaring that a primary contralateral pneumothorax does not 
represent a cure (nor does the homolateral), but is to be considered as a 
method to be tried when other means have failed. 

Among the successful cases personally attended were the following: 


Case 1: B. R., housekeeper, 22 years old, single, from Palermo. One brother 
tuberculous. No previous diseases. For seven months, two years ago, was 
affected by amenorrhoea. Eighteen months ago, while apparently in good 
health, had a sudden profuse haemoptysis, repeated four months afterward. 
Fever and cough followed, and soon afterward a purulent expectoration, night- 
sweats, and a considerable loss in weight. 

Being one of the visiting physicians at the first antituberculosis dispensary 
in the city of Palermo, I saw the patient for the first time when she was under 
treatment for fibrocaseosis of the right lung, for which a pneumothorax was at- 
tempted without success, the failure being due to large pleuritic adhesions. 
The patient was gradually losing strength. In February, 1930, she came to 
the ambulatory of our clinic, where the previous diagnosis of right fibrocaseosis 
with fusion of the subclavicular region was made (a cavity of 4 cm. was found) 
by X-ray. She was suffering from toxaemia ina mild degree. General condi- 
tion poor. Weight, 46 kg. Temperature, 37.5° to 38°C. Respirations, 26. 
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Pulse, 90. Expectoration, 20 to 25 cc. a day. Koch bacilli positive. The 
velocity of sedimentation increased after 60 minutes,—48 mm. (Westergren). 
An attempt at a right pneumothorax failed, and the patient refused any surgical 
intervention. 

On February 26 a primary contralateral pneumothorax on the left side was 
successfully performed. The pleura was found to be free, and the supply was 
made frequently and regularly, but the detachment of the lung could not be 
ascertained either clinically or roentgenologically. The patient did not im- 
prove; fever and cough persisted, with the same quantity of expectoration, but 
with no change in weight. Two months later (after 11 gas injections), the de- 
tachment of the lung was finally obtained. 

At present the patient is in the clinic. Her general and local conditions are 
improving. Fever, cough and expectoration have diminished. Her weight 
has fallen, due perhaps to the presence of an abscess on the thigh which had to 
be opened. Insulin (10 u. d. a day) was administered with good results. The 
temperature became normal, the cough and expectoration ceased, and with gas 
injection the general improvement has continued. 


Case 2: C. G., 19 years old, single, weaver, of Palermo. No hereditary indica- 
tions and no disease previous to the present, which began March 28, 1930, 
with severe haemoptysis, repeated for three days, with fever (40°) and moder- 
ate cough. A week later she came to our clinic, where a diagnosis was made of 
left specific bronchopneumonia, caseoulcerative, with subclavicular fusion 
(with a cavity of 5 cm.), and high toxaemia. General condition poor. Tem- 
perature 40° to 41°. Expectoration 20 to 25 cc. a day, with streaks of blood. 
Koch bacilli positive. Sedimentation velocity increased after 60 minutes to 
88 mm. 

Since this was an acute case, before we started the pressure treatment we 
administered calcium and endovenous injections of trifal, repeated after five 
days, 0.5 mgm. No violent reaction followed; the temperature dropped one 
degree, and the haemoptysis did not return. 

Attempts to inject gas were frustrated by large pleural adhesions. For a 
month the treatment of calcium and gold was continued with gradual improve- 
ment and a decrease in temperature and expectoration. When the patient 
was admitted to the clinic early in May, she refused surgical treatment. On 
May 6th, a primary contralateral pneumothorax was performed in the right 
side, and the pleura was found to be free. Gas injections were repeated reg- 
ularly, and we found also in this case that the detachment of the lung was ob- 
tained only after a month’s treatment, eight injections being made, and érifal 
administered endovenously until July ist. 

At present, after three months of treatment, the patient is much improved in 
temperature, expectoration and weight. There is a tendency toward sclerosis. 
In this case we contemplate an operation later on. 
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Case 3: D. O., 35 years old, single, hat-cleaner, of Palermo. Father dead of 
pulmonary tuberculosis. Her only disease had been measles at the age of 4. 
For a year she had had fever, with a cough and scanty mucopurulent expectora- 
tion, and anorexia with gradual loss in weight. 

In February, 1930, she came to the ambulatory of our clinic, where her case 
was diagnosed as left tube~culous fibrocaseous pneumonia, with subclavicular 
fusion, and a cavity of 4 cm. was found by roentgenological examination, with 
toxaemia of medium degree. General condition poor. Weight, 35kg. Tem- 
perature, 38°. Koch bacilli positive. Sedimentation velocity after 60 min- 
utes, 99 mm. A homolateral pneumothorax was unsuccessful, due to large 
pleural adhesions. The patient refused surgical intervention. 

On February 15, a primary contralateral pneumothorax was performed in 
the right side with successful detachment of the lung. After seven gas injec- 
tions an X-ray examination showed a light filament adherent to the highest 
part of the hemithorax, which prevented the complete detachment of the lung. 
When the patient did not improve, an attempt was made on April 26th to 
resect the fibrous adhesion (Professor Serio), resecting also two others not 
found at the time of the X-ray examination. Eight days later we proceeded to 
cauterize five other adhesions. Still other adhesions prevented detachment, 
and we were forced to postpone further action. The patient stood both opera- 
tions well. But after a slight improvement, the fever, cough, and expectora- 
tion returned. 

On June 19th, after an operation by Professor Rossi, the hemidiaphragm 
rose 2 cm., and ten days afterward the patient began to improve. The 
expectoration diminished from 15 or 20 cc. to 5 cc., and along with it the fever 
and cough grew less. But as the weight was falling, insulin treatment was re- 
sorted to (10 u.d. a day) with benefit. Meanwhile, the gas injections were 
continued. 

RESUME 

In the first case the patient suffered from right fibrocaseosis with fusion 
and slight toxaemia, with a temperature of 38°. Since a homolateral 
pneumothorax was not possible, because of pleural adhesions, a pneumo- 
thorax was done in the left side. The detachment of the lung was ob- 
tained two months later. The patient began to improve, and fever, 
cough, and expectoration all diminished, and local symptoms began to 
disappear. Under insulin therapy the weight increased. 

After five months of steady gas injections, the patient is at present 
apyretic, the cough is barely noticeable, the expectoration has ceased, 
and the local symptoms have decreased, with a tendency to sclerosis. 

The second patient, caught suddenly with haemoptysis, with a high 
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temperature (40°), and suffering from left specific ulcerative caseous 
bronchopneumonia, was at first treated with calcium and gold injections 
of trifal, and arrest of haemoptysis and fever followed. Since a pneumo- 
thorax could not be done on account of pleural adhesions, primary 
contralateral pneumothorax was done in the right side, with a slow proc- 
ess of detachment of the lung. At present, after three months, with 
regular gas injections, the patient has gained in weight, with decrease of 
fever, cough, and expectoration, and the local symptoms have improved. 

The third was a very difficult case, because for a year the patient had 
been suffering from left fibrocaseosis, with fusion and toxaemia of medium 
degree. Since a local pneumothorax could not be done because of ad- 
hesions, a right contralateral was done. The lung became detached only 
after seven applications of gas, and then incompletely because of the 
many adhesions. Nevertheless, the patient improved; there was a dim- 
inution of fever, cough, and expectoration, and with insulin treatment 
the weight increased. 

Our own results, as well as those obtained by the others who have re- 
ported similar cases, may be considered satisfactory, especially in view 
of the improvement of very grave conditions two or three months after 
treatment began. It is to be noticed that two of our cases, as well as 
three of Fichera and Giuffrida, were of the fibrous kind, which is more 
difficult to overcome, even with homolateral pneumothorax. 

Slowness of recovery may have been due to the effects of other causes. 
The action of a primary contralateral pneumothorax is always slow, as 
is the favorable action of common pneumothorax over the contralateral, 
which are perhaps influenced early and favorably, as was the case of 
Jacono and to some extent our second case. 

In the third place, it is to be pointed out that the ideal procedure in 
primary contralateral pneumothorax is its association with homolateral 
surgical intervention. However, in the third case, we could not proceed 
because the patient refused her consent. Later, encouraged by the prog- 
ress of her case, she did consent, and further progress was made. 

The fourth cause of retardation in immediate results in our cases lies 
in what the French call “insatiable” (nsaziabile) and what Professor 
Ascoli calls a “drinking pleura” (pleure bevitrici). 

From the experiences of those who have had frequent injections of gas, 
it has been found that, despite the great volume of gas introduced, it is 
difficult to loosen the lung. On the fluoroscope the opposite lung, after 
the injection of a fresh supply, has a diaphanous appearance, and the 
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pneumothorax shows steadiness only after a number of injections. The 
probable explanation for this is that the pleura and the lungs are about 
normal and are capable of absorbing gas. 

In all of our three cases of primary contralateral pneumothorax, the 
lung became detached only after many (10-12) injections of gas. 

It is to be admitted that the results are slow when compared with those 
obtained from homolateral pneumothorax, and this retardation may 
cause much perplexity to the physician, who may be led to abandon the 
treatment or to increase the pressure, which might bring about bad re- 
sults, with the dangerous general consequences observed in a hyperten- 
sive pneumothorax. Under proper treatment with lower pressure, the 
patient probably would show greater progress. The secret of success 
lies in correctly judging the patient’s resistance. 

Other difficulties, similar to those met with in common pneumothorax, 
are encountered in this treatment. It is sufficient to mention here the 
fibrous filaments occurring as pleuritic adhesions in the third case, which 
required cauterization (Jacobaeus), results of which were not wholly 
satisfactory because of the large number of adhesions. Also in two of our 
cases (the first and second), although the cough had lessened and the 
quantity of expectoration had diminished and the local symptoms had 
begun to disappear, the weight was gradually falling. To combat this 
we used insulin treatment. 

The experience so far reported on primary contralateral pneumothorax, 
although restricted, has already yielded many rules and procedures, 
which is an indication of the complexity and delicacy of the operation. 
Great circumspection should be used in applying this treatment; a care- 
ful and critical examination must be made in every case, so that the cor- 
rect course may be followed in any particular case. 
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EFFECTS OF POSTURE ON THE DIAPHRAGM AND MEDI- 
ASTINUM, WITH SPECIAL REFERENCE TO 
PHRENICECTOMY 


LINCOLN FISHER! 


The medical phase of phthisiotherapy is so closely dovetailed with 
surgery of the chest that any treatise on rest in tuberculosis should take 
into account the possible modifications imposed by surgical intervention. 
The extensive employment of phrenicectomy to-day renders necessary 
a check-up of the accepted maxims of postural rest, especially since the 
two are often jointly used to attain results hitherto left to the realm of 
artificial pneumothorax. Whether or not such a study renders new 
conceptions necessary, it offers an opportunity for further observations 
of value. 

Several articles on postural rest have appeared in the literature during 
the past ten years, some of which have contained observations on the 
position and activities of the diaphragm in the lateral recumbent posture. 
Webb and Sevier (10) showed that immediate observations after change 
of posture were not indicative of the later picture, when time for readjust- 
ment had been allowed. Their work led them to conclude that the initial 
increase in action of the dependent diaphragm was transitory, subsiding 
within an hour. They mentioned the relatively higher position of the 
diaphragm on the dependent side and the sagging of the heart and medias- 
tinum toward this side. These observations were made on normal young 
men. 

For the purpose of accuracy in determining relatively small changes 
the sling described by Davis (2) in 1928 appeared to be an ideal appliance 
with which to hold the patient in position before the fluoroscope. The 
superstructure was erected along one side of a wheeled-stretcher so that 
the sling would hang close to the vertical fluoroscope table. The patient 
lay in the sling with his back to the table so that perfect juxtaposition 
was possible and his chest remained suspended one inch above the 
stretcher. The fluoroscopic screen could be readily placed so as to show 
the entire chest from clavicles to diaphragm. A grease glass-marking 


1 Waverly Hills Sanatorium, Kentucky. 
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pencil served to mark the screen for later careful measurement. The 
excursion of the diaphragm was, of course, measured between the peak 
of the dome on expiration and on inspiration. The height of the dia- 
phragm was taken as the distance from the peak of the dome on expira- 
tion to the inferior level of the sternoclavicular junction on that side; 
hence smaller measurements indicate a rise of the diaphragm and in- 
creased measurements a descent. The mediastinal position was meas- 
ured from the outermost cardiac margin to the edge of the vertebral body. 
Maintenance of the same position for the entire period of observation 
could be readily checked by the location of the original pencil-marks on 
the screen. Likewise, this position could be duplicated with some 
facility at a later period, for example, after phrenicectomy had been 
performed. 

It will be evident from the tables appended that in the majority of 
patients observed in the lateral posture both diaphragms show an initial 
increase in excursion which is more marked on the dependent side. After 
a period of thirty minutes to one hour this increased excursion had sub- 
sided somewhat, more so on the dependent side. For the most part the 
excursion of both sides of the diaphragm is greater in the lateral posture 
than when the patient is standing erect. Concomitant with the increased 
excursion is a rise of the diaphragm on the dependent side and a fall on 
the uppermost side. At the end of an hour there is a further rise of the 
dependent half, accompanied by a partial recovery and rise of the upper 
half. The dependent half of the diaphragm assumes a higher position, 
and the upper half assumes a lower level in the lateral posture than with 
the patient standing erect. The heart and mediastinum fall toward 
the dependent side, shifting as much as 5.3cm.inone hour. The average 
shift was greater with the patient lying on the left side. 

After phrenicectomy certain accentuations of the above findings are 
noted. As might reasonably be expected, the elevation of the dependent, 
paralyzed diaphragm is more marked, and the excursion is nil except for 
an occasional paradoxical movement as noted in one case (table 2). On 
the other hand, the upper half of the diaphragm shows not only a persist- 
ently increased excursion but also it assumes a persistently lower level. 
This greater activity and fall of the mean level of the contralateral dia- 
phragm persist to some extent when the patient is standing erect. The 
heart and mediastinum show a tendency to shift still further toward the 
operated side (tables 1 to 5). 

As an interesting corollary, some of the patients were observed lying 
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on the good, or less diseased side, both before and after phrenicectomy 
(tables 3 to 6). These showed that before phrenicectomy the ratio of the 
diaphragmatic excursion (R:L) was roughly maintained whichever side 


TABLE 1 


BEFORE PHRENICECTOMY AFTER PHRENICECTOMY 
PATIENT 1: LEFT PHRENICECTOMY 


Excursion, cm.| Height, cm. Heart,cm. |Excursion,cm.| Height, cm. 


Left side down at beginning. . 
After 30 minutes 

After 1 hour 

Standing 


PATIENT 2: RIGHT PHRENICECTOMY 


Right side down at beginning.| 2. .9 | 17.6} 20.5 
After 30 minutes : 17.3] 19.7 
After 1 hour 17.3} 19.5 
Standing .O | 19.0} 19.3 


TABLE 2 


BEFORE PHRENICECTOMY AFTER PHRENICECTOMY 
PATIENT 3: LEFT PHRENICECTOMY 


Excursion, cm.} Height, cm. Heart,cm. |Excursion,cm.| Height, cm. 


L 


Left side down at beginning. . 
After 30 minutes 

After 1 hour 

Standing 


PATIENT 4: RIGHT PHRENICECTOMY 


Right side down at beginning.| 1. 7.5] 19.8] 8. 9.0 .5| 20.5 
After 30 minutes 7.3) 18.3) 8. .0} 20.0 
After 1 hour 5.8} 18.2/10. .7| 20.0 
Standing 18.7) 19.0} 6. 7.0 .2} 19.2 


was dependent. The relative levels of the two halves of the diaphragm 
were reversed, the dependent half practically always assuming a higher 
position in the thorax. With the patient lying on the better side after 


d 
i? R L R L L L R E R ; 
2:0) £.8:1 17.5) 19:0; O | 16.5) 19:8 
1.55} 5.8 |. 17.5) 18:8)6.7 | 7.3.1 O 2.2) 16.5) 19-2 
R L R L R R R L R L 
5.21 6.0: O 2:6 85:5) 28.5 
& 
O 14:5) 22.0 
4.71 5.0, 3.5.) 
L R L L E R 
2.2} 1.6} 19.8 19.5} 8.9 | 10.0} 0.5 | 2.8 | 19.0) 24.0 
2.0] 1.6 | 19.6) 19.5} 9.7] — 
1.8] 1.5 | 18.5} 18.3} 9.8 | 10.8) 0.5 | 2.8 | 18.5} 22.8 
1.3 | 2.0 | 22.0 17.5} 0:5 19:5] 21.5 
R L R ? R R R L R L 


TABLE 3 


BEFORE PHRENICECTOMY AFTER PHRENICECTOMY 


PATIENT 5: LEFT PHRENICECTOMY 
Excursion, cm.| Height, cm. Excursion, cm.} Height, cm. 


Left side down at beginning. . 
After 30 minutes 

After 1 hour 

Standing 


Right side down at beginning.| 2. .8 | 17.4] 18.9 
After 30 minutes ; .9 | 17.1) 18.4 
After 1 hour 2. : 16.9) 18.1 
Standing : .5 | 17.9) 18.6 


TABLE 4 


BEFORE PHRENICECTOMY | AFTER PHRENICECTOMY 


PATIENT 6: RIGHT PHRENICECTOMY 
Excursion, cm.| Height, cm. Heart,cm. |Excursion,cm.} Height, cm. 


Right side down at beginning. 
After 30 minutes 

After 1 hour 

Standing 


Left side down at beginning. .| 3. .8 | 23.2) 24.9 
After 30 minutes F .6 | 22.9) 24.4 
22.7) 24.4 
23.8] 23.5 


TABLE 5 


BEFORE PHRENICECTOMY AFTER PHRENICECTOMY 


PATIENT 7: RIGHT PHRENICECTOMY 
- |Excursion, cm.| Height, cm. Excursion, cm.| Height, cm. 


Right side down at beginning. 
After 30 minutes 

After 1 hour 

Standing 


Left side down at beginning. . 
After 30 minutes 

After 1 hour 

Standing 


{ 
| 
L R L R L L L R L R 
| 3.0| 1.5 | 18.3] 18.6 6.2] 7.0] 0 | 3.0] 17.9] 18.9 
2.8 | 1.6 | 18.0] 18.2) 6.3 | 7.4] 0 | 2.8] 17.7] 18.8 
2.2| 1.8 | 17.8] 18.0 6.8| 7.6] O | 17.4] 18.7 
| 1.5 | 1.3 | 18.6 17.9} 6.0] 6.6| | 1.8] 17.6] 17.9 
R L R L R R R L R L 
3.8| 3.9/3.8] | 19.8] 18.1 
4.0] 3.2] | 19.6] 18.1 
| 4.1] 4.0] 3.2| 0 | 19.5} 18.3 
3.8| 3.7] 1.8] 0 | 17.9] 17.6 
R L R L R R R L R L 
1.8 | 2.7 | 23.0} 24.3] 4.2] 4.2] 0 | 19.3] 24.9 
1.6] 2.4] 21.2} 23.0) 4.3] 4.6] 0 | 2.8] 19.1] 23.9 
1.3 | 2.2 | 21.0] 22.6 4.6] 4.8| 0 | 2.7] 18.9} 23.7 
1.0 | 1.3 | 23.5] 23.8] 4.0] 3.8| 0 | 1.8] 19.8) 23.7 
7.8|7.7| 3.3 | 0 | 24.3} 19.8 
8.0/7.9] 3.3] | 24.1] 19.9 
8.4/7.9] 3.2] 0 | 24.1] 19.9 
7.5|7.6|1.8| 0 | 23.7] 19.8 
R L R L R R R L R L 
1.8| 1.3 | 18.0] 19.2} 4.5] 5.1] 0 | 2.2| 10.4] 20.3 
1.6 | 1.5 | 17.8} 19.41 4.6] 5.3| 0 | 1.9] 10.2) 19.8 
1.5] 1.5 | 17.5] 19.5} 4.7] 5.3| 0 | 1.9] 10.0] 19.6 
| 1.4] 1.3 | 18.5] 18.9] 4.2] 4.7] 0 | 1.9] 12.1] 18.9 
| 1.5 | 1.8 | 18.7] 18.9] 9.1] 2.4] 0 | 20.8) 12.3 
1.4] 1.5 | 18.6 18.91 9.5] 9.3] 2.2] 0 | 20.7] 12.5 
j 1.4] 1.5 | 18.6 18.91 9.9/9.5] 1.2] | 20.7] 12.5 
1.3] 1.4 | 18.9] 8.9] 1.7] | 18.9) 12.1 
q 60 


TABLE 6 


PATIENT 8 


RIGHT SIDE DOWN 


LEFT SIDE DOWN 


Excursion, cm. 


Height, cm. 


Heart, cm. 


Excursion, cm. 


Height, cm. 


At beginning 
After 30 minutes 
After 1 hour 
Standing 


At beginning 
After 30 minutes 
After 1 hour 


L 


20.3 
19.9 
19.2 
19.9 


R 


0.1 


TABLE 7 


LEFT SIDE DOWN 


PATIENT 10 


PATIENT 11 


Excursion, cm. 


Height, cm. 


Excursion, cm. 


Height, cm. 


At beginning 
After 30 minutes 
After 1 hour 
Standing 


R 


1.3 
1.2 
a3 


17.2 
18.1 


RIGHT SIDE DOWN 


PATIENT 12 


Excursion, cm. 


Height, cm. 


At beginning 
After 30 minutes 
After 1 hour 
Standing 


L 


2.3 
2.1 
2.1 
1.9 


TABLE 8 


RIGHT SIDE DOWN 


PATIENT 14 


PATIENT 15 


Excursion, cm. 


Height, cm. 


Excursion, cm. 


Height, cm. 


At beginning 
After 30 minutes 
After 1 hour 
Standing 


R 


a 
R | R L R L L R L | - 
2:0] 2.1 19.0 20,11 3.0] — | — {| —| — 
18:8) 19.65 3:2) 10:9) 2.5) | 19:8 
PATIENT 9 
R L R L R L z R L R 
4.4) 8.1 | 3.0] 1.7 | 19.4) 19.6 
4.6| 8.5 | 2.6 | 1.6 | 19.2) 19.1 
4.6] 8.8 | 2.5} 1.6 | 19.1] 19.0 
7:8 | 2:2) 1.2 19:8 ; 
| 
Heart,cm. 
L | L R 3 L L R L R 
17.6} 17.8} 9.1 8.0) 1.4] 1.5 | 21.0) 19.2 
17.4] 17.5] 9.8 9.3) 1.4 | 1.3 | 20.0] 18.5 
17.4 9:9 | 10,8) 1.6:1 19:5) 14.8 
17.3) 8.9 5.5} 1.0} 22:4. 17.5 
PATIENT 13 
SHeart,cm. (Excursion, Height, cm. 
R r R L R R R Si R L 
18.0} 23.0) 4.8 | 3.8 | 3.4] 3.2 | 15.6) 16.5 
16:8 21.8) 3.81 3.213.211 15.20 164 
16.5} 21.51. 5.3 | 4.0} 2.9} 3.3 | 15.0) 16.1 
18.5] 22.0} 4.8 | 3.6 | 2.7 | 2.9} 15.9) 16.0 
| 
Heart,cm. |) 
R L R L R R = %, R 4 
1.5] 2.0] 16.7] 20.9] 3.1 | 2.4 | 2.8] 2.3 | 19.6] 23.5 
1.5) 16.0) 20:3) 3.2:) 2.5.1 2.2) 23.2 
st £23 1928) 5.2 2.7 2:2) 2-2 
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phrenicectomy, the dependent hemidiaphragm failed to attain as high 
an elevation and the excursion was definitely greater than when in this 
position before phrenicectomy, even after the lapse of one hour. The 
superior, or paralyzed hemidiaphragm showed slightly less elevation than 
in any other position and, of course, made no excursion. 

A few additional patients were observed while lying on the more 
involved side for only a single period of one hour (tables 7 and 8). These 
all confirmed the basic findings outlined above. 


DISCUSSION 


Diaphragmatic breathing is more readily performed in the recumbent 
posture, and in itself is preferable to costal breathing for the average 
tuberculous patient, whose disease is mainly in the upper lobe (5). With 
the patient in the lateral posture it is evident that the dependent side 
is splinted and that costal respiration is necessarily curtailed in that 
half of the chest. This half of the diaphragm, being forced higher into 
the thorax by the pressure of the abdominal viscera, at first compensates 
by an increased excursion which gradually subsides. Concomitantly 
a descent and increased excursion of the contralateral diaphragm occurs 
and this mechanism of greater aeration persists with some moderation. 
Lying on the opposite side reverses the relative levels of the two halves of 
the diaphragm but the ratio of the excursions on the right and left sides 
is not essentially disturbed. 

Due ¢» gravity, and possibly because of increased respiratory action 
in the superior half of the chest, the heart and mediastinal contents drop 
further toward the dependent side. The left wall of the mediastinum 
appears to be somewhat more flexible in this respect. 

Following phrenicectomy on the dependent side the abdominal viscera 
force this hemidiaphragm still higher into the thorax. The contralateral 
hemidiaphragm shows still further descent and increased excursion to 
afford compensatory aeration. This hyperactivity is less after a longer 
postoperative interval. An added shifting of the heart and mediastinum 
is usually coexistent. 

Lying on the unoperated side after phrenicectomy results in a definite 
descent and greater excursion of the dependent hemidiaphragm. ‘This 
mechanism affords compensatory aeration to supplement the paralyzed 
side. The respiratory labor appears to be further increased, in accord- 
ance with Werner’s studies following phrenicectomy (11). This persist- 
ent hyperactivity of the dependent hemidiaphragm, being apparently 
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attributable to changes in the respiratory mechanism induced by phren- 
icectomy, would seem to contraindicate postural rest on the better side 
following operation. 

Evidence presented by Howard (4), Adams and Pillsbury (1), and 
others to show that diaphragmatic action on the dependent side is 
increased is obviously correct for a single, initial observation. An hour 
or more after such posture is assumed, however, certain modifications 
of the respiratory mechanism are found to have taken place. 

The observations herewith reported were all made upon men under 
forty years of age, who had at least moderately advanced pulmonary 
tuberculosis. It is possible that certain physiological factors are altered 
by pulmonary pathological change so as to account for minor variations 
from the excursive changes noted by Webb and Sevier (10) in normal 
subjects. Pleurodiaphragmatic adhesions, even on the better side, 
might result in decreased mobility of the diaphragm. Involuntary, or 
perhaps voluntary, splinting of the chest-wall due to pleuritic pain or 
discomfort might readily cause respiratory changes. 

Phrenicectomy introduces an artificial factor of great importance as 
regards position and activity of both halves of the diaphragm. It is 
possible that improvement following phrenicectomy may be due less to 
actual rise of the diaphragm than to a compensatory change in the divi- 
sion of respiratory labor, which favors the paralyzed side. This suggests 
a possible explanation of postoperative improvement where only immo- 
bilization, without appreciable rise, of the diaphragm occurs. As regards 
postoperative rise of the hemidiaphragm, it is well to note that the 
apparent ascent is partly relative, being accentuated by a compensatory 
descent of the contralateral hemidiaphragm. ‘This is more evident in 
the lateral posture. 


SUMMARY 


1. Diaphragmatic excursion is generally greater bilaterally in the 
recumbent posture, decreasing somewhat before the end of an hour. 

2. In the lateral recumbent posture ascent of the dependent, and 
descent of the upper, hemidiaphragm occurs initially, both halves assum- 
ing a somewhat higher level by the end of an hour. 

3. The heart and mediastinal contents shift toward the dependent 
side, the average displacement being greater to the left than to the right. 

4. Following phrenicectomy there is a descent and increased excursion 
of the contralateral hemidiaphragm, which is accentuated and tends to 
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persist in the lateral posture. The dependent half is forced still higher 
into the thorax by pressure of the abdominal viscera. 

5. Displacement of the heart and mediastinum due to posture is greater 
after phrenicectomy. 

6. Increased respiratory labor following phrenicectomy requires a 
compensatory overaction of the contralateral hemidiaphragm favoring 
the paralyzed half. This hyperactivity is less as the postoperative 


interval lengthens. 
7. Postural rest on the better side following phrenicectomy is 


inadvisable. 

8. The lateral recumbent posture increases diaphragmatic breathing, 
a change favoring rest of upper-lobe lesions. Following phrenicectomy 
the scope of postural rest is widened, especially for patients with unilateral 
involvement or with only apical disease in the contralateral lung. 
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CALCIFICATION FOLLOWING MASSIVE DOSES OF VIO- 
STEROL IN ACUTE EXPERIMENTAL BOVINE 
TUBERCULOSIS OF GUINEA PIGS! 


THOMAS TIPTON WALKER anp TOM DOUGLAS SPIES 


The discoveries leading to the production of vitamine D in highly con- 
centrated form by the irradiation of ergosterol have been reviewed ina 
recent article by Spies (1). Kreitmar and Moll (2), Harris and Moore 
(3), and Kreitmar and Hintzelmann (4) have shown that the administra- 
tion of an excess of vitamine D causes a rise in the calcium content of the 
blood and the deposition of calcium in certain organs, particularly the 
aorta and kidneys. Spies and Glover (5) produced extensive calcifica- 
tion of the renal arterioles, tubules and glomeruli in rabbits by the use of 
repeated massive doses of irradiated ergosterol. This resulted in cachexia, 
retention of the nitrogenous constituents of the blood, and death. 
Watchorn (6) and Ashford (7) have found that the hypercalcaemia fol- 
lowing large doses of viosterol is accompanied by a marked increase in the 
excretion of calcium by the kidneys. Spies (1) observed that the caseous 
lesions of acute experimental bovine tuberculosis in rabbits calcify more 
extensively in animals which have received repeated large doses of irra- 
diated ergosterol. Simmonet and Tanret (8) showed by chemical analy- 
sis that lung tissue of healthy and of tuberculous rabbits contains much 
more calcium following the administration of large amounts of irradiated 
ergosterol. Levaditi and Li (9) found that an excess of vitamine D 
causes increased deposition of calcium in the lesions of chronic tubercu- 
lous orchitis in rabbits. 

We wish to report our studies on the calcification in acute experimental 
bovine tuberculosis of guinea pigs following massive doses of viosterol. 
In order to obviate the spontaneous deposition of calcium which some- 
times occurs in the more chronic forms of bovine tuberculosis, we pro- 
duced a rapidly fatal generalized miliary form of the disease by intrave- 
nous inoculation of a highly virulent strain of the bacillus of bovine 
tuberculosis. 


1 From the Pathological Laboratory of the Boston City Hospital, Boston, Massachusetts. 
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MATERIAL AND METHODS 


One cubic centimetre of a heavy saline suspension of a ten-day culture 
of highly virulent bacilli of bovine tuberculosis grown on a modified egg 
medium was injected into the jugular vein of each of 14 healthy young 
adult male guinea pigs averaging 590 gm. in weight. These animals 
were kept in cages on the usual laboratory diet. ‘Twelve days were al- 
lowed for the disease to develop, during which time there was a noticeable 
loss of weight in each animal. Then a preparation of viosterol? having 
ten thousand times the antirachitic potency of codliver oil was given by 
mouth to each of nine of the 14 animals in doses as follows: 18 minims on 


TABLE 1 
Tuberculous animals receiving viosterol 


Aly] 
a 
1 | 3 | 27 | 2] 15 | Slight Very Moderate Moderate | Moderate 
slight 
2 | 3 | 27| 2115] Absent Absent Marked Absent Moderate 
3 | 4 | 27 | 2] 16] Marked | Absent Marked Slight Very marked 
4} 5 | 36] 3] 17 | Moderate} Absent Moderate Absent Moderate 
5 | 5 | 36} 3117] Marked | Moderate| Very marked | Moderate | Marked 
6 | 5 | 36} 3] 17 | Slight Absent Slight Absent Very marked 
7 | 7 | 36| 3 | 19 | Moderate} Marked | Very marked | Slight Very marked 
8 | 7 | 36] 3] 19 | Absent Marked | Very marked | Marked | Marked 
9} 8 | 3 | Very Moderate | Very marked | Moderate} Very marked 
marked 


the 12th day, 9 minims on the 13th day, and 9 minims on the 16th day 
after the injection of tubercle bacilli. Three of the 9 animals died 
before the third dose was given. 

The remaining five of the 14 animals received no viosterol and were 
used as controls. 

In order to determine the amount of calcification produced by viosterol 
alone, two healthy guinea pigs were given more than double the dose re- 
ceived by the tuberculous animals, namely 75 minims each of viosterol 


2 Supplied through the courtesy of Mead Johnson & Co. 
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in four doses by mouth over a period of five days, and were killed on the 
sixth day. 

All of the tuberculous animals were allowed to die. Autopsy was done 
as soon after death as feasible. Tissue from the heart, lungs, liver, 
spleen, kidneys and aorta was fixed in Zenker’s fluid, 10 per cent formalin, 
and a mixture of alcohol and formalin (nine parts 95 per cent alcohol to 
one part 40 per cent formalin). Celloidin sections of the alcohol-formalin 
fixed tissues were stained with haematoxylin and eosin and by the silver 


TABLE 2 
Tuberculous controls receiving no viosterol 


EXPERI-| DURA- DIED: CALCIFICATION 
MENT | TION OF| TOTAL DAY OF 
NUM- |MEDICA-] DOSE EXPERI- 
BER TION MENT Lung Liver Spleen Kidney 


minims| 
10 17 | Absent | Absent Absent Absent | Absent 

11 18 | Absent} Veryslight | Slight Absent | Slight 

12 20 | Absent | Absent Moderate | Absent | Marked 
13 22 | Absent | Absent Absent Absent | Absent 
14 22 | Absent} Absent Marked Absent | Moderate 


TABLE 3 
Nontuberculous controls receiving viosterol 


DURA- KILLED: CALCIFICATION 


” | TION OF DAY OF 
MEDICA- EXPERI- 
TION MENT Heart Lung Liver Spleen Kidney 


days | minims 
30 6 75 Absent | Absent | Absent | Absent | Very slight 
31 6 75 Absent Absent | Absent | Absent | Absent 


method of von Kossa. The carbol-fuchsin method of Ziehl-Neelsen was 
used to demonstrate tubercle bacilli in sections of alcohol-formalin and of 
Zenker-fixed material. Calcium deposits in the tissues were identified by 
their solubility in acid and by the following histological criteria, using 
alcohol-formalin fixed tissue: (1) when stained with haematoxylin and 
eosin the precipitated calcium appeared as a dark blue, coarsely granular 
material; (2) after treatment with a 5 per cent solution of silver nitrate 
for thirty minutes, washing in water and counterstaining with a 0.5 per 
cent solution of basic fuchsin for one minute, the calcium precipitate was 
deep brownish-black in color. 


EXPERI 

MENT 

NUMBER 
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RESULTS 


All of the animals lost weight rapidly and died in from fifteen to twenty- 
two days after injection with tubercle bacilli. The average duration of 
life was 2.6 days shorter in the group receiving viosterol than in the con- 
trol group. 

Grossly, the lungs and spleen of every animal contained lesions of acute 
miliary tuberculosis, and in this respect these organs were indistinguish- 
able in the two groups. However, the livers and kidneys of the animals 
which received viosterol were strikingly different from those of the con- 
trols. In addition to the tubercles found in the liver, there were many 
irregularly shaped masses of hard yellow material (calcium) varying 
from pin-point to 0.3 cm. in diameter scattered throughout the paren- 
chyma. ‘These occurred also in the livers of two of the controls, but 
were few in number and very small. Similar masses were found in the 
renal cortex and extending into the medulla. The hearts and aortas 
were negative, except for a tuberculous pericarditis in a few instances. 
The kidneys, hearts and aortas of the control animals were negative. 

The organs of the two nontuberculous animals which were given vio- 
sterol presented no gross changes. 


MICROSCOPIC DESCRIPTION 


In the following description under each organ the histological changes 
in the tuberculous animals treated with viosterol are considered first, then 
the changes in the tuberculous animals which received no medication. 

Heart: Definite typical tubercles with many acid-fast bacilli are pres- 
ent in the heart of each animal. In addition there is calcification in the 
centres of the tubercles which are caseous in seven out of 9 animals. In 
five of the 9 animals there are deposits of calcium in the otherwise normal 
muscle fibres. This calcification of the myocardium is macroscopically 
visible in the stained sections of the animals which survived longer. 

Tubercles are found in the heart of each control animal but there is no 
calcification either within or without the tubercles. 

Lung: Many small tubercles are scattered throughout the parenchyma 
in all animals. In some instances these are confluent. Calcium is de- 
posited in large and small masses in the centres of the tubercles which 
are caseous in five out of 9 animals. The bronchial epithelium is calci- 
fied in two of the 9 animals. 

There is no calcification in the control animals. 
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Spleen: Calcium is deposited in small masses in the centre and around 
the periphery of each of the tubercles which are caseous in six out of 9 
animals. Noncaseous tubercles contain very little or no precipitated 
calcium. 

No calcification is found in the spleens of the control animals. 

Liver: Marked calcification occurs in the tubercles in six of the 9 ani- 
mals. Calcium is deposited in the centres and around the peripheries 
of the lesions even in noncaseous lesions in each of the 9 animals. Many 
areas are so completely calcified that it is necessary to remove the calcium 
with acid in order to recognize the tuberculous lesion. 

In three of the 5 controls there is slight calcification of the caseous 
tubercles. 

Kidney: The kidneys of all animals are almost free from tubercles. 
However, marked calcification of the wall of the arterioles and the epi- 
thelium of the tubules and glomeruli occurs in each of the 9 animals. In 
several instances entire glomeruli are practically solid with precipitated 
calcium. After the calcium is removed by acid the tissues appear normal. 

In three of the 5 controls there are a few scattered areas of calcification 
of the epithelium of the tubules. 

Nontuberculous Controls: The kidneys of both of the normal animals 
receiving viosterol show a very slight degree of calcification of the tubular 
epithelium. The other organs contain no deposits of calcium. 


DISCUSSION 


Our results are in accord with previous observations of others that re- 
peated large doses of viosterol cause the deposition of calcium in certain 
tissues. Spies found the lesions of acute bovine tuberculosis in rabbits to 
be particularly susceptible to calcification. Levaditi and Li obtained 
similar results with chronic human tuberculous orchitis in rabbits. Spies 
(10) demonstrated the same thing to be true in chronic bovine tubercu- 
losis in rabbits. We have been unable to find in a careful search of the 
literature that anyone has reported previously the calcifying effect of 
viosterol on tuberculosis in guinea pigs. 

From the results we obtained there seems to be no reasonable doubt 
that repeated massive doses of viosterol greatly increase the deposition of 
calcium in the lesions of acute bovine tuberculosis in guinea pigs. Three 
animals, which received only two doses, showed from moderate to marked 
deposits of calcium in and around the tubercles of the heart, lungs, spleen 
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and liver. The animals which survived longer exhibited a more marked 
degree of calcification. Spies in his work on rabbits was unable to pro- 
duce calcification in the parenchyma of the liver. We have found that 
in guinea pigs this organ calcified more extensively than any other. 

It is interesting to note that there was marked calcification in the 
otherwise apparently normal tissue of the heart, liver and kidneys of the 
tuberculous animals receiving viosterol, whereas such a deposition of 
calcium was entirely absent or extremely slight in the animals with tuber- 
culosis or hypervitaminosis alone. 

We do not believe that the calcification within the lesions is in any 
manner specific for tuberculosis, but represents a general reaction to nec- 
rotic or damaged tissue and might well be expected under the same cir- 
cumstances in any similar lesion. 

The dose of viosterol used in these experiments is extremely toxic in 
itself and would be fatal if repeated many times. However, the degree of 
tuberculosis is much more extensive than usually encountered clinically. 
Giving each of these factors consideration we believe that the properly 
regulated administration of vitamine D may prove of benefit in the 
treatment of clinical tuberculosis. 

The question immediately arises as to whether there is a difference in 
the calcification of lesions due to the various strains of tuberculosis fol- 
lowing repeated massive doses of viosterol. We have completed a similar 
study using avian tuberculosis which will be reported separately. 


SUMMARY 


1. The administration of repeated massive doses of viosterol to guinea 
pigs with acute bovine tuberculosis causes extensive calcification within 
the caseous lesions. 

2. This calcification is much more marked than that which occurs in 
similar lesions of tuberculosis without the use of viosterol. 

3. Calcium is deposited also in apparently normal tissue of the heart, 
liver and kidneys of the tuberculous animals treated with viosterol. 
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THE DISEASE CAUSED BY FILTRATES OF TUBERCLE- 
BACILLUS CULTURES! 


Its Alleged Relation to Filterable Forms of Tubercle Bacilli 


MAX PINNER MARIE VOLDRICH 


1. THE PROBLEM 


Any one of the recent reviews on the so called filterable virus of the 
tubercle bacillus is renewed evidence for the profound disagreement 
which exists on this point between different workers. Without attempt- 
ing to review the literature, one may briefly summarize the status as 
follows: One group of workers, led and best represented by Calmette 
and his associates, state that pure cultures of tubercle bacilli and any 
kind of tuberculous excreta and secreta (including blood) contain (at 
times) a filterable form of the tubercle bacillus which can be demon- 
strated (only) by animal inoculation, and which may or may not produce 


certain pathological lesions in inoculated animals. Such animals are 
said to harbor acid-fast rods and granules in their lymph nodes and 
spleen, the cultivation of which is usually unsuccessful, and in most 
instances these acid-fast elements cannot be recovered in direct animal 


passage. 
A second group of workers have been unable to confirm these claims, 


and they state that the existence of a filterable form of the tubercle 
bacillus has not been proved. 

A third group of authors, led by Petroff, have found acid-fast rods, 
both in animals inoculated with filtrates and in normals; they believe 
that acid-fast organisms occur frequently in the lymph nodes of normal 
guinea pigs, and that their presence in inoculated animals has no causal 
relation to the injected filtrates. 

In most of these discussions scant attention is given to the meaning 
of the term “‘filterable virus.” In justice to established terminology, the 
term “‘filterable virus,” should, as an obvious misnomer, be replaced 
by ‘‘filterable form of the tubercle bacillus.”’ It must be clearly stated 


1From the Wm. H. Maybury Sanatorium (Detroit Municipal Tuberculosis Sanatorium), 
Northville, Michigan. 
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that the fact that an occasional individual bacillus may pass through a 
supposedly competent filter, be it by virtue of its individual smallness or 
of a faulty filter, is biologically without interest, and does certainly not 
justify a claim for the existence of a filterable virus. Hadley states the 
case clearly by saying, ‘‘By the term ‘filterable form,’ in this case, I 
mean not the commonly observed cells of the culture in question, but 
special cell forms characterized by possessing a different morphology 
and different cultural features from those of the parent culture, and, pre- 
sumably, also differing in respect to biochemic and serological reaction 
as well as in virulence.” 

The French workers who claim the existence of filterable forms have 
failed to give evidence as to the regularity or frequency of their presence. 
If such cells exist as a regular form in the life-cycle of the microérganism, 
or as forms produced under a given set of biological conditions, and not as 
a mere freak, as it were, its presence should be ascertained under the 
proper conditions with a vastly greater frequency than has been the 
case. But one may assume that the causal conditions for its formation 
are unknown as yet. Its alleged biological effects, however, have been 
amply described, as will be mentioned later. 

In this whole work, neither Koch’s postulates nor the generally 
accepted requirements for a filterable virus have been fulfilled. Ifa 
tubercle-bacillus-containing fluid is filtered, either true tubercle bacilli 
may pass through the filter occasionally or a special filterable form. 
If the former be the case, cultures of true tubercle bacilli should be 
obtained from such filtrates, which, with very few exceptions, has not 
been the case. Further, such filtrates should produce tuberculosis in 
susceptible animals, an extremely rarely observed occurrence. If fil- 
trates contain a “filterable virus,” or, more correctly, filterable forms of 
the tubercle bacillus, the latter should be transmissible in animal passage; 
this seems to have been possible only in rare instances. Considering 
the inconclusive nature of this work, and the completely negative 
results obtained by a good many competent workers, it seems premature 
to draw as far-reaching practical conclusions as has been done. It 
does not seem justified, until much more complete evidence is at hand, 
to revive the dogma of transplacental infection and to claim this most 
questionable filterable form as the aetiological agent of various types of 
clinical diseases. It is felt that this problem deserves a good deal more 
investigation. We wish to report our studies which were done during 


the last two years. 
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2. TECHNIQUE 


In planning our studies, we were led primarily by the desire to ex- 
clude from our technical procedures as many variables as possible. 
Throughout the whole study we used but two different strains of human 
bacilli, we worked with pure cultures only and we used only one type 
of bacterial filters; with a few exceptions, which will be mentioned, only 
one type of culture medium was used, and, again with few exceptions, 
each animal received one subcutaneous injection of 5 cc. in the region 
of the right groin. 

1. The two bacillary strains used were recently isolated from sputum 
in this laboratory; 0.01 mgm. of moist bacillary mass of each, injected 
subcutaneously, killed guinea pigs of about 300-gm. weight in three to 
four months. 

2. All cultures used for filtration were pure, and were grown on peptone- 
beef-infusion-broth, containing 4 per cent glycerol; the reaction was 
pH 6.6-7.0. In a few instances, Long’s or Henley’s synthetic broth 
was used. 

3. All filtrations were done with Berkefeld-N filters; the pressure used 
in filtration varied between —3 and —12 cm. Hg. In most instances 
the pressure did not exceeed 5 cm., and the duration of filtration was 
rarely more than 5 minutes. Before filtration the cultures were shaken 
thoroughly and some suspension of hog-cholera bacilli in saline solution 
was added. All filtrates were tested for sterility on ordinary nutrient 
media. Unless otherwise stated, 5 cc. of filtrate were injected subcu- 
taneously into each guinea pig. 

All materials (filtrates, animal tissues) that were examined by cultural 
methods for the presence of acid-fast organisms were inoculated on 
several different media, always including glycerol-potato and egg media. 
Animal tissue was either prepared for culturing according to Petroff’s 
sodium-hydroxide method or, more frequently, it was simply triturated 
in physiological saline solution. The inoculated guinea pigs were 
weighed and tested by intracutaneous tuberculin injections at regular 
intervals; for this purpose, O.T. (Parke, Davis, Co.) in a dilution of 1:5 
was used. All inoculated animals were carefully autopsied; special 
attention was given to the inguinal, lumbar and mediastinal lymph 
nodes. In most instances these nodes ‘were examined for the presence 
of acid-fast elements. This was done either by crushing a single node 
(or part of one) between two slides (the method used in the Pasteur 
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Institute in Paris) or by the method advocated by Petroff, which con- 
sists in triturating all nodes with saline solution, filtering through gauze, 
centrifugating the filtrate and preparing smears from the sediment. 


Filters 


In an attempt to determine the presence of a filterable organism, it is 
significant to know, if possible, the degree of reliability of the filters used. 
There seems to exist good agreement on the opinion that no method for 
testing bacterial filters is fully reliable. This is particularly true for any 
testing method which is not applied simultaneously with the filtration 
process. We frequently used the same filter candle repeatedly, and in a 
number of instances a candle that permitted hog-cholera bacilli to pass 
on one day would be found to be competent a few days later under the 
same pressure. 

We have found the following combinations of failures in filter candles: 

1. In 14 separate instances, candles permitted hog-cholera bacilli to 
pass without letting tubercle bacilli pass. Only in 10 of these instances 
was any growth apparent on the nutrient agar on which the filtrates had 
been planted; in the other 4 instances the presence of hog-cholera bacilli 
in the filtrates was demonstrated by the local lesion (an oedema, fre- 
quently sanguineous, followed by more or less extensive necrosis) which 
such contaminated filtrates would produce in guinea pigs; these lesions 
invariably contained hog-cholera bacilli. In none of the 14 animals 
injected with these contaminated filtrates could any evidence of tuber- 
culosis be found, although (with the exception of 4) they lived more than 
three weeks after inoculation, and 6 lived more than two months. Ina 
number of these animals smears from lymph nodes and histological 
sections were carefully and repeatedly examined for acid-fast organisms, 
all with negative results. . 

2. In two instances, both hog-cholera bacilli and tubercle bacilli may 
have passed the filter. The interpretation of these findings is uncertain, 
since the acid-fast organisms behaved in a noncharacteristic way. A 
filtrate from a 34 days’ growth of strain R was injected into a guinea pig; 
this filtrate contained hog-cholera bacilli. In the course of two and 
one-half months, the animal lost much weight and died spontaneously. 
The postmortem findings showed emaciation, but no localized lesions. 
The lymph nodes were not enlarged, and on smears from them no acid- 
fast elements were found. Lymph nodes and spleen were macerated in 
saline solution and seeded on various media. After three months a fine, 
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granular, deep yellow growth appeared on glycerol-potato, which proved 
to consist of acid-fast rods. During one and a half years many attempts 
were made to transplant this new strain (R34) on suitable media; no 
growth occurred, except on glycerol-potato. The colony formation 
always remained the same,—small, deeply pigmented granules, which 
grew very slowly. Heavy suspensions of this microdrganism were inject- 
ed, at various times, into three guinea pigs. None of these animals de- 
veloped tuberculin allergy; two were killed on the 27th and 62nd days; one 
died on the 13th day. In lymph nodes and spleen of the 27- and 13-day 
animals, acid-fast rods were found in small numbers, either in smears or 
in histological sections. In the 13-day animal minute tubercles were seen 
in the spleen; all other organs were normal. Histologically, these tuber- 
cles were submiliary necroses without any proliferative or exudative re- 
action; these necrotic foci contained a few acid-fast rods. Work on this 
organism is very slow on account of the difficulties of its culture. Lymph 
nodes transplanted from the 62-day animal yielded negative results. 
Filtrates from saline suspension of this strain seemed not to contain 
filterable elements. Further animal experiments are under way; at- 
tempts to grow it on broth in order to test its tuberculin production have 
failed so far. 

It is possible that this strain R34 represents a relatively avirulent 
dissociate of the original R strain. It seems to be an unusually interest- 
ing strain pathogenically, since it causes apparently only one of the three 
tissue reactions which are usually so intimately associated in tuberculo- 
sis,—degeneration, proliferation and exudation. 

' Another guinea pig was injected with the filtrate of an 18 days’ growth 
of strain R; this filtrate, too, contained hog-cholera bacilli. This 
animal had a well-marked, moderately strong tuberculin skin reaction 
23 and 40 days after the injection. It was killed 41 days after the injec- 
tion and was grossly and histologically normal. Acid-fast organisms were 
not demonstrable in its lymph nodes, neither by smears, nor in histo- 
logical sections, nor by culture. Its inguinal, lumbar and hilar nodes 
were reinjected into two guinea pigs. Both developed a well-marked 
swelling of inguinal lymph nodes near the site of injection two weeks 
after the injection; at this time, their tuberculin test was negative. One 
animal was killed 20 days after the injection. The right inguinal lymp 

node was the size of a pea and caseated; the lumbar node was abo 

half this size and not caseated; otherwise all organs were norma]. In the 
caseated portion of the inguinal node, highly granular and fragmented 
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acid-fast rods were found, but none in any other node. Cultures from 
the diseased nodes remained sterile. The nodes were transplanted 
through four generations without ever causing any demonstrable 
lesions, or tuberculin allergy, or the appearance of acid-fast elements 
in the injected animals. The second animal, which showed the inguinal 
swelling, had a well-marked tuberculin reaction, 28 days after the inocu- 
lation; this allergy remained demonstrable for six months. Six and a 
half months after the injection, this animal was killed and yielded com- 
pletely negative anatomical, histological and bacteriological find- 
ings. The interpretation of these findings may be similar to that of the 
last ones. 

3. In one instance a filtrate contained apparently tubercle bacilli, but 
no hog-cholera bacilli. Four guinea pigs received 5 cc. each of the same 
lot of filtrate; they all were killed 81 days after the inoculation; three 
were normal, and no acid-fast rods were found in their lymph nodes; 
one animal had a caseating tuberculosis of the right inguinal lymph node 
and of a lumbar lymph node (macroscopical diagnosis confirmed histo- 
logically and bacteriologically). The distribution of lesions in this 
animal permits one to exclude with certainty a spontaneous infection. 

We have made various attempts to increase the permeability of Berke- 
feld filters. In one series of experiments tubercle bacilli grown on gly- 
cerol-agar were suspended in buffer solutions varying in pH from 5.4 to 
8.4. Berkefeld filtrates from these suspensions failed to infect guinea 
pigs. Neither did soaking in neutral mineral oil increase the permeability 
of candles to the point of permitting the passage of tubercle bacilli. 

Since no reliable testing method is available, how can the competence 
of a filter candle be judged? In our own experience, and in the experience 
of all other workers, it is extremely rare that filtrates produce a typical 
inoculation tuberculosis; the frequency of this occurrence is certainly not 
greater than the frequency of faulty filters. In our studies, this happened 
in a definite fashion but once, while faulty filters, letting hog-cholera 
bacilli pass, were much more frequent; the total number of single filtrates 
in our studies exceeded three hundred. On the other hand, there is good 
evidence available to assume that one or very few tubercle bacilli of 
normal virulence injected in a guinea pig will produce a typical inocula- 
tion tuberculosis. Levinthal, using the Barber-Peterfi one-cell technique 
was able to produce progressive caseating tuberculosis with one, two 
and eleven individual tubercle bacilli. Since the retentive power of 
filters cannot be ascertained, not even by a simultaneous filtering of 
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so called test organisms, it may be safely assumed that filtrates causing 
typical tuberculosis are obtained from faulty filters and are useless as 
proof for the existence of a “filterable virus.”” It would appear, then, 
that the most reliable test for the proper retentive power of filters for tubercle 
bacilli is the inability to produce typical tuberculosis in guinea pigs injected 
with filtrates. 


3. DO FILTRATES OF PURE CULTURES OF TUBERCLE BACILLI CONTAIN 
ACID-FAST ORGANISMS? 


A total of 115 guinea pigs were injected with filtrates from broth cul- 
tures, including 34 which were injected with suspensions of bacilli 
grown on glycerol-agar. From all of these 115 animals, lymph nodes 
and spleen were examined very carefully for acid-fast elements, either in 


TABLE 1 


SURVIVAL 
TIME AFTER 
INOCULA- 
TION 


DIED OR 
WAS 
KILLED 


AGE OF PRESSURE ON FILTRA- |LYMPH NODES IN WHICH 
CULTURE TION: MERCURY AND ACID-FAST ELEMENTS 
DURATION WERE FOUND 


days 
1 G 4-5 cm., 5 min. Mediastinal 56 
11 3 cm., 6 min. Mediastinal 47 
19 5 cm., 5 min. Inguinal 42 
47 5 cm., 45 min. Inguinal 45 
60 4-5 cm., 8 min. Inguinal 25 
90 3-4 cm., 10 min. | Mediastinal, 35 
lumbar, in- 
guinal 
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smears or histological sections, or both. In six animals, acid-fast ele- 
ments were found. In table 1 the pertinent data of these animals are 
summarized. ‘The significant facts are that cultures of the most different 
ages are included, and that all these animals did not die spontaneously. 
The morphology of the acid-fast elements is difficult to describe ade- 
quately. They are thin rods or tiny granules, stained bright red. 
Their general appearance is such that, if seen in a sputum smear, we 
would be rather hesitant to return a positive diagnosis for tuberculosis. 
Their outlines are usually less smooth and regular than those of rods and 
granules in pure cultures, so that doubt arises as to their organic nature. 

Practically all guinea pigs which were used as controls in these ex- 
periments, and about 30 guinea pigs used for other purposes, but not 
infected with tubercle bacilli, were examined for the alleged presence of 
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acid-fast elements in their lymph nodes. All of these examinations 
were negative. We cannot explain why other workers have found these 
elements in a high percentage of animals, unless local conditions, of 
food, etc., may account for the occurrence. 

We are equally at a loss to confirm reports of the more or less frequent 
occurrence of spontaneous tuberculosis in guinea pigs. Out of a total 
of at least 1200 guinea pigs autopsied in this laboratory during a period 
of four years, we found only one instance of spontaneous tuberculous 
infection. 

About 50 filtrates were centrifugated at high speed and the lowest 
portion of the fluid was seeded on a number of glycerol-potato and egg 
media. Not a single one of these cultures yielded positive results. 

To summarize: Out of 115 filtrates, only 6 yielded results which might 
be interpreted as evidence for the presence of acid-fast elements in those 
filtrates. In every instance the evidence is indirect, since acid-fast 
elements were found only in injected animals and never in cultures from 
filtrates. The morphology of these elements is noncharacteristic; only 
their tinctorial behavior is suggestive. In every instance the acid-fast 
elements were found in small numbers (1 to 7) and only after prolonged 
search. It was never possible to obtain growth on culture media from 
the organs of injected animals. 


4. DO FILTRATES OF PURE CULTURES OF TUBERCLE BACILLI CAUSE DISEASE 
IN GUINEA PIGS? 


According to the literature filtrates from tuberculous material cause 
disease in guinea pigs. The significance of this observation has been 
overshadowed by the question of whether the inoculated animals harbor 
acid-fast elements or not. Furthermore, there is no proof (and appar- 
ently no serious attempt at it) for the assumed causal relation between 
these acid-fast forms and disease. Various types of disease have been 
described as following the injection of filtrates. The most frequently 
reported pathological finding is a more or less generalized hypertrophy 
of the lymph nodes, involving particularly (after subcutaneous injection) 
the inguinal nodes at the site of injection and the tracheobronchial nodes. 
Next in frequency is an excessive loss of weight and cachexia. Some 
authors report a few instances of typical inoculation tuberculosis. It is, 
as explained above, probably safe to assume that this occurrence is due 
to the passage of some true tubercle bacilli. In a few other instances 
tuberculous lesions without foci at the site of injection were reported. 


2 

a 

tie 

Bi 

fs 72) 

a 

~ 

th 


DISEASE CAUSED BY FILTRATES 81 


Considering the extreme rarity of this occurrence, the observer would be 
hard pressed, indeed, to exclude the possibility of a spontaneous tuber- 
culosis. We are not aware of the publication of any histological studies. 

All authors, who have observed clinical disease (loss of weight and 
cachexia) or demonstrable lesions (hypertrophied lymph nodes)following 
the injection of filtrates, agree that only a certain percentage of injected 
animals become diseased. ‘This is all the more surprising since huge 
amounts of filtrates were injected; 5 cc. seems to be the minimum, but 
injections of 10 to 30 cc., frequently repeating such amounts, are rather 
the rule than the exception. 

From the beginning of our work, we were much impressed by the fre- 
quency of obvious disease developing in our guinea pigs which had re- 
ceived 5 cc. of filtrate. This disease, which for want of a better name 
we called “filtrate disease,” has striking and uniform characteristics. 
The most severe forms begin to be manifest within 24 or 48 hours following 
the injection. The affected animal is very quiet, inactive, less responsive 
to external stimuli; it eats but little; its fur becomes rough and loses its 
natural smoothness and gloss. But the most characteristic sign is a 
marked loss of muscular tone; this is, in many instances, so marked that 
one can diagnose the disease with closed eyes, simply by feeling the 
animal with one’s hand. Simultaneously, the animal loses weight, in 
some instances with surprising rapidity. In severe cases, the loss of 
weight amounts to 30 to 50 per cent of the initial weight within four 
weeks. No animal recovered which lost 35 per cent of its initial weight, 
and all died when the loss amounted to 40 to 50 per cent. In the face 
of this grave clinical picture, it is astounding that never do all animals, 
injected with a given filtrate, develop well-marked signs of disease, and 
that only a certain percentage of the diseased ones succumb to the 
disease. 

A total of 81 guinea pigs was injected with broth filtrates; this number 
is exclusive of all those animals that were injected with filtrates which, as 
was established later, contained hog-cholera bacilli, or showed at autopsy 
any evidence of intercurrent disease. It should be noted that the fre- 
quency of intercurrent diseases (pneumonias and intestinal infections) 
was much higher in these test guinea pigs than in the control animals; 
this must probably be ascribed to the lessened general resistance of the 
test animals. Of 81 animals, 58, or 71.6 per cent, developed definite 
signs of “filtrate disease.” Of the 58 diseased animals, 25, or 43.1 per 
cent, died showing the characteristic cachexia and no evidence of inter- 
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current disease. All these animals were tested at regular biweekly inter- 
vals with a 1:5 solution of O. T., intracutaneously. None of them ever 
showed a clear-cut positive reaction. Slight infiltrations occurred, with- 
out any regularity, in some of the animals. 
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In figure 1 the weight curves of various groups of animals are repro- 
duced. All weights are computed at weekly intervals and are expressed 
in percentages of initial weight, that is, the weight at the time of injec- 
tion. Curve I represents the average weight curve of 81 guinea pigs 
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injected with 5 cc. of broth-culture filtrate. A few animals received three 
injections. The most characteristic part of the curve is the steep drop 
during the first two weeks; the relative recovery after three weeks is due 
to the fact that all animals, which do not develop the “filtrate disease” 
or are only slightly affected, gain markedly at this time, obscuring the 
loss of weight of the diseased animals. ‘Toward the end of the curve, the 
apparent gain in weight is due to the dying-off of a good many diseased 
animals, and the curve for the last two weeks is more influenced by the 
weight of the survivors than that of the diseased ones. Each death is 
indicated by a cross below the curve. Curve II represents 34 guinea pigs 
which received 5 cc. each of a filtrate of suspensions of tubercle bacilli 
grown on solid media. These suspensions were made in buffer solutions 
varying in pH from 5.4 to 8.4. These animals never showed any signs 
of disease. Curve III represents 19 guinea pigs injected with 0.01 mgm. 
of moist tubercle bacilli. The slow development of disease, as indicated 
by the gradual loss of weight, compared with curve I, should be empha- 
sized. Curve IV represents 41 control animals. They received, as will 
be mentioned in detail later, various filtrates, derived from material 
(various broths, etc.) which had never been in contact with tubercle 
bacilli. That curve IV is slower in rising than curve II is due to the 
fact that unplanted broth causes a slight retardation in the normal gain 
of weight. 

The postmortem findings in the diseased animals were uniform. There 
was always marked atrophy of the subcutaneous and muscular tissue 
and general dehydration. A minority of the animals had some degree 
of fatty infiltration of the liver. The inguinal lymph nodes in about 
half the animals were slightly or moderately enlarged; this was chiefly 
the case in the superficial inguinal nodes on the side of injection and in 
the mediastinal lymph nodes. Otherwise all animals were grossly 
normal. 

Histological sections, stained with haematoxylin and eosin, and for 
acid-fast organisms, were examined from about 40 animals. The 
lymph nodes showed sometimes slight proliferation of the reticuloendo- 
thelial elements, and frequently atrophy of the follicles with the disap- 
pearance of the germinal centres. In the spleen similar changes were 
noted, and, in addition, deposits of more than the usual amounts of 
blood pigment. The muscular tissue showed simple atrophy without 
degenerative changes. As noted above, the liver was, in some animals, 
infiltrated with fat, causing considerable pressure atrophy of the paren- 
chymatous cells. All other organs were essentially normal. 
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The following filtrates were used for injection: 


1: Filtrates from glycerol-broth cultures of strains R and G, varying in age 
from 1 to 90 days: 42 animals. 

2; Filtrates from glycerol-broth cultures of strain G, 47 days’ growth: 8 
animals. 

3: The same, but 23 days’ growth: 8 animals. 

4: Filtrate from a 30 days’ growth of strain G on Henley’s synthetic medium: 
5 animals. 

5: Same, but strain F: 4 animals. 

6: Filtrate from a bovine culture grown on Long’s synthetic medium: 
5 animals 

7: Filtrate from a broth culture,? which was used by Parke, Davis and Co. 
for the preparation of O. T., Koch: 5 animals. 

8: Filtrate from a two month’s growth of strain G on Henley’s synthetic broth: 
4 animals, each of which received three injections at 4-day intervals. 


It should be mentioned here again that different filtrates vary markedly 
in their nosogenic potency. We were not able to determine the cause 
or causes for these variations. It is apparently not due to strain 
specificity, age of the culture, or pressure in filtration. An important 


factor is undoubtedly the individual susceptibility of guinea pigs, since 
marked variations were present in series of animals injected with the 
same batch of filtrate. It would be interesting to investigate whether 
the nosogenic potency varies with the tuberculin content of the filtrates. 

Various groups of control animals were used to ascertain the causal 
relation between the injection of the broth filtrates and the so called 
“filtrate-disease:” 


1: Ten animals were transferred from the stock cages to the smaller experi- 
mental cages, and were kept under identical conditions with the test animals; 
they were weighed and tested with tuberculin at regular intervals. They 
* showed excellent gains in weight; one animal died after 30 days and showed, at 
autopsy, evidence of an intestinal infection. 

2: Ten animals were injected with a filtrate from glycerol-broth, unplanted, 
but incubated for three weeks, to which some hog-cholera bacilli had been 
added immediately before filtration. These animals lost an average of 10 
per cent of their initial weight during the first two weeks and recovered this 
loss during the next four weeks; one died of pneumonia. 

3: Five animals were injected with the filtrate from a saline suspension of 


2 This culture was given us by Parke, Davis & Co. for experimental purposes. 
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hog-cholera bacilli. They lost an average of 6 per cent of their initial weight 
during the first two weeks and recoverd it within one to two weeks. None 
died. 

4: Five animals received the filtrate from incubated but not inoculated gly- 
cerol-broth. Some of them showed a slight initial loss of weight which was 
quickly recovered; on the average they made a good gain in weight, which, 
however, lagged somewhat behind that of the untreated control group during 
the first three weeks. None died. 

5: Five animals were injected with the unfiltered glycerol-broth, used by Parke, 
Davis and Co., for the preparation of O.T. They showed a slight lag of gain 
in weight during the first three weeks. One animal died of bronchopneumonia 
60 days after the injection. 

6: Six animals received the filtrate of Henley’s unplanted synthetic broth. 
They suffered a slight initial loss of weight, similar to group 2. None died. 


None of these 41 control animals ever showed any signs resembling 
those of animals suffering from “‘filtrate disease.” Even when they did 
lose some weight, they never lost their muscular tone and never gave 
the impression of being severely ill. Both the meat-infusion-peptone- 
glycerol-broth and Henley’s synthetic broth seem to exert a slight toxic 
effect on guinea pigs when injected subcutaneously in amounts of 5 cc. 


In order to compare the clinical effect of the broth filtrates with that 
of tubercle bacilli, 20 guinea pigs were infected with 0.01 mgm. of moist 
tubercle bacilli in 1 cc. of saline solution. The same strains of bacilli 
were used for these infections as for the preparation of the filtrates. 
None of these animals showed any clinical signs of disease during the 
first six weeks following the infection; they lost some weight quite slowly 
and gradually (see figure 1). None of these, animals died during an 
observation period of six to eight weeks. At autopsy all showed general- 
ized tuberculosis. 

We had, then, to conclude that filtrates from broth cultures of tubercle 
bacilli contain a factor which causes, in the majority of infected guinea 
pigs, a characteristic disease, which ends fatally in a considerable per- 
centage of cases. The clinically noticeable onset of this disease occurs 
much sooner than that of tuberculosis; the clinical course is shorter than 
that of a tuberculous infection caused by the subcutaneous injection of 
0.01 mgm. of tubercle bacilli; it is, while it exists, graver, but much less 
often fatal, and it affects only a certain percentage of all exposed animals. 
It remained to determine the cause of this disease. 
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5. THE CAUSE OF THE “FILTRATE-DISEASE”’ 


That the cause of the filtrate disease is specifically associated with the 
tubercle bacillus can hardly be doubted in face of the evidence presented. 
The controls enumerated above show clearly that only filtrates from 
cultured broth are nosogenic. According to the French authors the 
causative agent is a filterable virus which develops into acid-fast granules 
and rods in the lymph nodes of infected animals. We found acid-fast 
elements of highly doubtful nature in 6 animals; they are enumerated, in 


table 2. 


TABLE 2 


ACID-FAST ELEMENTS 


FOUND IN: 
INJECTED 


DIED OR WITH 


* | BRoTH, 
CULTURED 
AFTER 
INJECTION| jays 


WEIGHT CURVE PER WEEK IN PER 
CENT OF INITIAL WEIGHT 


racheo- 
bronchial 


Inguinal 


—2, 0, —1, —3, +1, +3, | Inguinal and lum- 
+3, +3 bar node en- 

larged 

0, +2, +6, +12, +12, | Inguinal, lumbar 
+12 and tracheobron- 

chial nodes en- 

larged 

K 42 19 —2, —7, —5, —7, —4, —4 | Normal 

K 45 47 —15, —12, —3, —, —3, | Normal 

—24 

K 25 60 0 0 —4, —8, —7 Tracheobronchial 

nodes enlarged 


K35 | 90 + | + | +1, +9, +10, +13, +15 | Normal 


4. = 


None of these animals died of ‘filtrate disease,” although they were, 
with one exception, observed for seven weeks or more; only one lost 
considerably in weight and showed evidence of some signs of ‘filtrate 
disease.” It should be noted that acid-fast elements could not be found 
in the lymph nodes of the 25 animals which died with unequivocal 
symptomatology. There exists, then, a decided lack of correlation 
between this disease and the finding of its alleged aetiological agent. 

If a living virus be the aetiological agent of the “filtrate disease,” it 
would be expected that heating filtrates to 60°C. for one hour would 


destroy it. 
In order to determine the thermostability of filtrates, it is necessary 
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to prepare filtrates, divide them into two portions, and heat one. Unless 
the identical filtrate is used on two groups of animals, a comparison is 
impossible, since individual filtrates vary much in their nosogenic prop- 
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erty. We have a total of 34 guinea pigs which have been used for the 
purpose of determining whether heat would destroy the nosogenic agent. 
One-half of each filtrate used in these series was kept in a water-bath 
at 60°-65°C. for one hour. Unfortunately none of these filtrates was 
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strongly nosogenic, but enough to cause death in 3 out of 17 animals, 
and marked, but temporary, loss of weight in some. In the group of 
animals injected with the heated filtrates, only one death occurred, but 
the average weight curve of both groups is practically identical, as shown 
in figure 2. Both these weight curves show marked retardation in gain 
of weight as compared with the weight curve of control animals (figure 1). 
It must be concluded from these findings that heating, under the stated 
conditions, does not destroy the nosogenic factor; if this be the case it is 
highly improbable that the nosogenic factor is a living virus. 

If it be assumed that tubercle-bacillus cultures and tuberculous exu- 
dates contain a filterable form of tubercle bacilli its presence should be 
demonstrable in tubercle-bacillus colonies. It was shown in our experi- 
ments that this is apparently not the case. The mere fact that guinea 
pigs, injected with filtrates, develop demonstrable clinical disease much 
sooner than animals injected with tubercle bacilli grown on solid media 
is evident proof for the absence, from the bacillary mass, of the aetio- 
logical agent of the “filtrate disease.” It is further supported by the 
observation that the “‘filtrate disease,” if it develops, is almost invariably 
more severe in symptomatology (loss of weight and tone) than tubercu- 
losis itself, and, if fatal, its course is, without exception, shorter than that 
of a tuberculous infection caused by the subcutaneous injection of 0.01 
mgm. of tubercle bacilli. The average survival time of all animals dying 
of ‘filtrate disease” is somewhat less than 40 days. 

A total of 34 guinea pigs was injected with 5 cc. of a filtrate from 
suspensions of tubercle bacilli grown on solid media. None of these 
animals died; they gained weight properly, as shown in figure 1; and 
none developed any signs of “filtrate disease.”” It must be concluded 
that the nosogenic agent present in broth-culture filtrates is absent in 
filtrates from suspensions of bacilli grown on solid media. 

A living nosogenic agent should be transmissible with the affected 
organs from animal to animal. Lymph nodes and the spleen of ten 
guinea pigs injected with broth-culture filtrates were triturated with 
physiological saline solution and injected into fresh guinea pigs. None 
of these animals developed signs of ‘filtrate disease;” they gained in 
weight in a normal way; and in none of them were acid-fast elements 
found, although the lymph nodes of one animal with positive findings of 
acid-fast elements were used in this series. In several instances lymph 
nodes and spleen were transplanted in series through three and four 
generations, always with the same negative result. 
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6. FILTERABLE ELEMENTS IN PLEURAL EFFUSION 


Filtrates were prepared from nine bacilliferous pleural effusions. Two 
of the specimens were digested with trypsin before filtration. Two 
specimens contained innumerable fine acid-fast granules and granulated 
rods. Our technique with these specimens was the same as the one used 
on pure cultures. All examinations yielded completely negative results, 
so far as the finding of acid-fast filterable elements are concerned. 


7. INFLUENCE OF BROTH-CULTURE FILTRATES ON TUBERCULOUS INFECTION 


In two small series of guinea pigs, the influence which broth-culture 
filtrates may exert on a tuberculous infection was observed. Both 
groups received 0.01 mgm. of tubercle bacilli (strain G) subcutaneously, 
and one group received in addition 5 cc. of broth-culture filtrate of strain 
G subcutaneously on the same day, and the same amount five days later. 
Twenty days after the injection all animals of the group which had 
received only tubercle bacilli had strong tuberculin reactions, and all 
animals of the second group did not react to the same dose of tuberculin; 
on the 38th day, three animals of either group died in typical tuberculin 
shock following the subcutaneous injection of 0.5 cc. tuberculin. The 
group that received filtrate gained slightly in weight; the other group 
lost some weight. At autopsy, 37 and 38 days after injection, the former 
group showed considerably less involvement than the latter; as a general 
index of this difference it may be mentioned that the spleens in the fil- 
trate group were about half as large as those of the control group. These 
findings are being further investigated. 


8. COMMENT 


Although we have found in a small percentage of guinea pigs, injected 
with culture filtrates of tubercle bacilli, small rods and granules which 
were acid-fast, we do not feel that it would be justifiable to claim that we 
have demonstrated filterable forms of the tubercle bacillus. The mor- 
phology of these elements is quite unconvincing; they do not grow on 
such culture media as were in our hands very suitable for the growth 
of tubercle bacilli; they did not cause any demonstrable, localized lesions; 
they were not transmissible on animal passage; and they could never be 
grown from the filtrate on artificial media. If they were elements 
regularly occurring in the life-cycle of tubercle bacilli, being regularly 
filterable, their demonstration by whatever means should be possible 
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much more frequently than was the case in all reported work. It seems 
rather futile to speculate on the nature of these acid-fast elements; 
suffice it to say that we are not aware of any acceptable proof for the 
assumption that they are tubercle bacilli, nor that they are living organ- 
isms. If they were nonpathogenic acid-fast bacilli, as has been suggested, 
their recovery in pure culture would certainly be easily achieved. Our 
evidence forces us to conclude that filterable forms of the tubercle 
bacillus are not demonstrable in pure cultures of tubercle bacilli, under 
the stated experimental conditions. 

Whether filterable elements occur in body fluids, we cannot decide on 
the basis of our experience. In the small number of experiments which 
we performed, we had negative results, although we injected repeatedly 
filtrates from body fluids containing enormous numbers of highly 
granular tubercle bacilli; and it is this form of tubercle bacilli which is 
claimed to yield most positive results. We are inclined to believe that 
body fluids do not contain filterable forms of the tubercle bacillus, although 
our own experience does not entitle us to very definite statements in this 
regard. 

It is always astonishing to see that two groups of competent workers 
arrive at diametrically opposite conclusions, although it is not a rare 
occurrence. In our particular problem some possible reason for the 
disagreement may be pointed out: bacterial filters cannot be tested by an 
absolutely reliable procedure; it should be emphasized especially (1) 
that one cannot test the retentive power of a filter for one bacterial 
species by another species, (2) that any test procedure applied before or 
after the actual filtering is unreliable, and (3) that so called test organisms 
(hog-cholera bacilli in our case) may be present in the filtrate without 
causing demonstrable growth on suitable media, or causing growth only 
after two to four days’ incubation. Since acid-fast elements have been 
found in normal guinea pigs, this fact must be considered as a possible 
source of error, although their occurrence seems to be limited to certain 
unknown conditions of environment. We have, furthermore, the im- 
pression that it may be difficult to obtain the agreement of a number of 
competent laboratory workers whether a given “acid-fast granule’ 
should be considered an “acid-fast organism” or not. One of the most 
important factors, however, is that of interpretation. What conditions 
should be fulfilled in order to justify the claim of the discovery of a 
filterable virus, or of a filterable form of a visible microérganism? Should 
not a certain regularity of occurrence be required? Should not 
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(in the case of an allegedly pathogenic virus) the lesions be uniform, 
and should they not always contain the virus, demonstrable in culture 
or by animal passage? A good many papers claiming positive or negative 
results do not contain any discussion of these points, a good many papers 
are based on experiments with one to ten animals, others omit entirely 
technical details of procedure; all this leaves a considerable latitude to 
interpretation. We realize fully that no amount of work can prove that 
the reported positive results are incorrect, unless one can demon- 
strate the causative error in all positive results. Petroff raised this 
claim by demonstrating acid-fast elements in normal guinea pigs, but 
further work, including our own, shows that his claim is based on an 
unjustified generalization of local and possibly temporary conditions. 
We wish to claim only that under the stated experimental conditions 
filterable forms of tubercle bacilli were not demonstrable, and we wish 
to point out that all known facts concerning the biology of the tubercle 
bacillus and of tuberculosis as a disease are more reconcilable with the 
assumption that such a filterable form does not exist. With the possible 
exception of some of the exotoxin producers, there is probably no micro- 
organism whose culture filtrates have been used more extensively than 
those of the tubercle bacillus, but there was never any reason to assume 
the presence of filterable elements in these filtrates. 

Our experiments fully confirm the statements of those workers who 
observed illness in guinea pigs injected with culture filtrates. These 
observations were elaborated; the clinical features, the incidence, and 
mortality were studied. The points of outstanding interest of this 
“filtrate disease” in this regard are (1) the fact that the clinical signs of 
disease appear much sooner than those of a tuberculous infection; (2) 
that the disease develops only in a certain percentage of injected animals; 
(3) that it is fatal in a high percentage of animals; (4) that, pathologico- 
anatomically, extreme emaciation and dehydration are found uniformly, 
but no localized lesions. 

That this disease is caused by the injection of broth filtrates is proved 
by (1) the high incidence of disease (71.6 per cent) following the injec- 
tion, (2) the uniformity of its clinical and pathologicoanatomical mani- 
festations, (3) the failure to produce similar disease by control injections, 
which included the injection of all those materials which were present in 
our broth-culture filtrates minus tubercle bacilli and their products. 
According to many authors, the disease-producing agent in such culture 
filtrates is a filterable form of the tubercle bacillus. All our observations 
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combine to prove that the nosogenic factor is not a living virus. The 
following points cannot be reconciled with the assumption of a living 
virus: 


1: The lack of correlation between the presence of acid-fast elements and the 
appearance of the “filtrate disease.” 

2: The thermostability of the nosogenic factor. 

3: The absence of the nosogenic factor in filtered or unfiltered bacterial sus- 
pensions prepared from bacilli grown on solid media. 

4: The failure of transmitting the nosogenic factor from animal to animal. 


Points 2 and 3 seem of especial significance; the former fairly excludes 
the possibility of a living agent, unless it be of the nature of a spore; 
the latter is practically unreconcilable with the assumption of a living 
virus of any kind. The “filtrate disease” cannot possibly be interpreted 
as a tuberculosis minus the localized lesions, since its clinical symptoms 
appear very much sooner than those of tuberculosis; its critical and 
frequently fatal phase occurs at a time which precedes the appearance 
of well-developed clinical signs in tuberculosis. On the other hand, the 
two diseases have some obviously similar features: the loss in weight, 
the dehydration, and the loss of muscular tone. Under the assumption 
that the “filtrate disease’’ is caused by a specific tuberculotoxic substance, 
the only alternative left since an aetiological living agent is excluded, 
one may speculate on the possibility that the tubercle bacilli in an in- 
fected animal slowly produce the same toxic substance which they pro- 
duce in vitro in pure culture. This would explain why the signs they 
cause appear late in animals infected with bacilli, and early in animals 
injected with broth-culture filtrates. 

Our culture filtrates which caused “filtrate disease” are nothing more 
nor less than unheated, and not concentrated tuberculin. It is, at the 
present time, a well-established dogma that tuberculin is primarily non- 
toxic. This opinion is probably due to the fact that in testing the pri- 
mary toxicity of tuberculins, the animals are, as a rule, observed not 
longer than two or three days, the maximum time required to kill tuber- 
culous guinea pigs with an appropriate dose of tuberculin. The older 
literature is replete with observations which would indicate that tubercu- 
lins, under certain conditions of preparation, are primarily toxic. Seibert 
reported quite recently that her purified tuberculin is, in sufficient 
amounts, toxic for nontuberculous guinea pigs. It may be possible, then, 
that the nosogenic factor of the “filtrate disease” is identical with the 
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active principle of tuberculin. Further studies would have to prove 
whether the primary toxicity of broth filtrates goes parallel with their 
tuberculin content. 

Our experiments on the influence of broth filtrate on the development 
of a tuberculous infection are not complete enough to warrant a definite 
conclusion. The fact, however, that in two independent series of 
experiments the filtrate delayed the appearance of skin allergy and the 
development of the specific lesions is suggestive enough to merit further 
investigation. 


SUMMARY 


1. A total of 115 guinea pigs were injected with filtrates from pure 
cultures of tubercle bacilli; 81 received filtrates from broth cultures, and 
34 filtrates from saline suspensions of bacilli grown on solid media. 

2. In six of these 115 animals acid-fast elements were seen. They 
were noncharacteristic in appearance with the exception of their tinctorial 
behavior. 

3. No growth was obtained from the lymphoid organs of injected 
animals, nor from the filtrates. 

4. Animal passage of these elements was unsuccessful. 

5. All 34 animals injected with filtrates from saline suspensions remained 
well, while 71.6 per cent of the 81 animals injected with broth culture 
filtrates developed a grave disease which terminated fatally in 41 per cent 
of the affected animals. 

6. This “filtrate disease,”’ characterized by rapid loss of weight, de- 
hydration, and loss of tissue tone, is not associated with any localized 
lesions. 

7. Its aetiological agent is present only in the filtrate from the broth 
culture of tubercle bacilli, not in the uncultured broth and not in bacilli 
grown on solid media; it is thermostable and not transmissible by animal 
passage. 

8. The incidence of acid-fast elements does not show any correlation 
with the incidence of the “‘filtrate disease.” 


CONCLUSIONS 


1. Filterable forms of the tubercle bacillus are not demonstrable in 
pure cultures of tubercle bacilli under the stated conditions; their exist- 
ence has not been proved in a convincing manner. 
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2. Broth-culture filtrates from tubercle bacilli cause a characteristic 
disease in guinea pigs. 

3. The nosogenic agent of this disease is not a living virus, because (1) 
it is not present in whole cultures of tubercle bacilli, grown on solid media, 
(2) it is thermostable, and (3) it is not transmissible by animal passage. 

4. This disease is probably caused by a specific tuberculotoxic sub- 
stance which may be identical with tuberculin. 


BIBLIOGRAPHY 


Hap ey, P.: Unpublished manuscript. 

CALMETTE, A., VALTIS, J., AND SAENZ, A.: J. Am. Med. Ass., 1929, xcii, 2086. 
Cooper, F. B., AND Petrorr, S. A.: J. Inf. Dis., 1928, xliii, 200. 

SEIBERT, F. B.: J. Biolog. Chem., 1928, Ixxviii, 345. 


} 


THORACOPLASTY IN THE PRESENCE OF ARTIFICIAL 
PNEUMOTHORAX! ? 


The Necessity of Reducing the Pneumothorax at the Time of Operation 
RALPH BOERNE BETTMAN anp MAX BIESENTHAL 


Some years ago we realized the desirability of reducing the pneumo- 
thorax, in those cases in which one was present, during the operation of 
extrapleural thoracoplasty. Although we have never seen any reference 
to this in the literature we thought the custom of doing this was rather 
common. However, in talking to our colleagues we find that, on the 
contrary, the majority do not make any attempt whatsoever to withdraw 
intrapleural air, and that those who do prefer to do so after the comple- 
tion of the various stages of the operation. We feel that, asa rule, in order 
to obtain the best possible collapse a partial reduction of the pneumotho- 
rax should be done at each stage of the operation. We have been led to 
this conclusion by observing several cases of artificial pneumothorax in 
which, following extrapleural thoracoplasty, the intrapleural air was 
the cause of severe respiratory difficulty or cardiac difficulty or improper 
collapse of the chest-wall. We may cite in brief two of these cases. 


1: An eighteen-year-old girl had been under artificial-pneumothorax treat- 
ment for two years at a sanatorium in one of the neighboring states. She hada 
cavity in the left upper lobe which because of adhesions could not be collapsed. 
Her sputum remained positive. She was sent to us for extrapleural thoraco- 
plasty. She was in excellent condition. Roentgen examination just before 
operation showed the left lower lobe well collapsed, and the left upper lobe 
partially subtended by adhesions and containing a patent cavity. The pleural 
space was filled with air, no fluid being present. The intrapleural pressure * 
was —3. It was decided to remove the lower rib-sections at the first stage, in 
order to avoid the danger of lower-lobe contamination. Sections from ribs 11, 
10, 9, 8 and 7 were removed. The patient withstood the operation very well 
and was brought back to her room in excellent condition. Four hours after 
operation we were called because the patient was in great distress. Her res- 
pirations were 40 to 60 per minute, she was Cyanotic, and the pulse was very 


1 From the Surgical and Medical Services of the Michael Reese Hospital, Chicago,.IIllinois. 
2 Published under the auspices of the Theodore B. Sachs Fund for Chest Surgery. 


95 


‘ 


96 RALPH BOERNE BETTMAN AND MAX BIESENTHAL 


rapid and faint. Examination showed the heart four finger-breadths to the 
right of the sternum. It was evident that the heart and mediastinum were 
crowded over to the right, presumably by the collapse of the chest-wall and the 
presence of the intrapleural air. Without waiting to obtain a manometer 
reading a large-bore needle was inserted into the pleural cavity and air escaped 
audibly from the aperture of the needle. The patient’s condition changed 
almost immediately. The respiratory rate dropped to 26, and the pulse be- 
came stronger and slower. By this time a manometer had been obtained and 
the decompression was discontinued, as the pressure was found to be about —2. 
The patient made an uneventful recovery. The second stage was performed 
two weeks later, and at this stage during the operation air was aspirated from 
the pleura so as to avoid the repetition of what happened after the first stage. 


2: This patient was also a young girl who had been under artificial-pneumo- 
thorax treatment for many years before being referred to us. In this case the 
right lung was the seat of the lesion. Adhesions had formed and these were 
holding open several small cavities in the right upper lobe. In this case the 
pleura contained a small amount of fluid. Operation was performed in two 
stages. Inasmuch as there seemed every reason’ to suspect that the intrapleu- 
ral fluid might be contaminated it was decided not to aspirate the pleura unless 
absolutely necessary for postoperative complications. No marked respiratory 


or cardiac embarrassment ensued after either stage. Fourteen days after the 
final operation a roentgenogram was made and it was found that the collapse 
of the chest-wall was very unsatisfactory. It was thought that this might be 
due to the intrapleural air. For this reason the artificial pneumothorax was 
reduced and the chest firmly strapped during the process. A roentgenogram 
taken immediately after decompression, as well as several taken since, showed 
excellent collapse of the chest-wall. 


We have seen several cases similar to cases 1 and 2, and for the last 
three or four years have reduced or partially decompressed every case of 
artificial pneumothorax at each stage of the operation. Our technique 
for doing this is as follows: In every case in which an artificial pneumo- 
thorax is present, or for that matter a pleurisy with effusion or an em- 
pyema, a large-bore needle is sterilized with the instruments. After the 
desired sections of ribs have been resected, a haemostasis established, and 
the wound is ready for closure, the needle fitted to a 2-cc. hospital 
hypodermic syringe is thrust into the pleural cavity. The plunger of the 
syringe prevents air being sucked into the pleural cavity in the presence 
of anegative pressure. The chest-wall is now pressed upon and the intra- 
pleural air slowly forced through the needle. The plunger of the syringe 


4 

| 


THORACOPLASTY AND PNEUMOTHORAX 97 


is forced out of the barrel with the expulsion of the first 2 or 3 cc. of air. 
The pressure upon the chest-wall is continued until the size of the chest 
cavity has been reduced to what one might expect the reduction subse- 
quent to the costectomy to warrant. The pressure is maintained 
during the skin suture, and until the postoperative compression jacket 
which we use in all our cases has been applied. In this way we are cer- 
tain that only the amount of air equivalent to the reduction in the tho- 
racic capacity is removed and that whatever collapse of the lung there 
may have been before operation, due to the presence of intrapleural air, 
will be preserved. 


SUMMARY 


In cases in which artificial pneumothorax has been carried on for a 
long time before operation the absorption of the pleural air is slow. In 
cases of artificial pneumothorax coming to operation for extrapleural 
thoracoplasty, the presence of this intrapleural air may be undesirable 
for two reasons: first, due to the immediate collapse of the chest following 
operation, the intrapleural pressure may be raised to such an extent that 
severe cardiac and respiratory embarrassment may ensue; second, the 


intrapleural air, especially in the presence of a fixed mediastinum, may 
prevent a satisfactory collapse of the chest-wall. For this reason it is 
desirable to reduce the intrapleural air in an amount approximately 
equivalent to the reduction occurring in the size of the chest cavity 
following costatectomies. The best time to do this is at the time of 
operation. A very simple method has been described. 
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THE TREATMENT OF PERICARDITIS WITH EFFUSION 
BY INJECTIONS OF AIR AND LIPIODOL 
INTO THE PERICARDIAL SAC 


Final Report 


W. ACKERMANN 


In a previous publication! it was brought to the reader’s attention that 
the patient’s condition was such that he could leave the hospital and 
carry on with further treatments as an ambulatory case. This, however, 
had to be abandoned because of financial difficulties. 

Being considered a convalescent, he was permitted to be up and about 
most of the time. Pericardial treatments were continued as a matter 
of routine. Ultraviolet radiations, as a general tonic, were given for the 
following three months, but proved to be without any definite effect. 
Cardiacs were indispensable toward the end of each interval between 
two consecutive paracenteses, during which time the patient complained 
of dyspnoea, heaviness, and a pounding sensation in the precordial region. 
At times an unproductive cough seemed to annoy him. A radiograph 
(figure 19),2 dated March 15, compared with a previous one (figure 18, 
preliminary report), did not disclose any essential changes. A physical 
examination at that time also failed to show any progress. Numerous 
tests of the sputum revealed no evidence of tubercle bacilli; pericardial 
exudates, however, were alternately positive and negative in plain 
smears as well as upon concentration. Cultures were negative until the 
end of the ailment, with one exception, namely, that obtained in a speci- 
men August 26. A guinea pig injected with pericardial exudate Febru- 
ary 25, 1929, and killed May 3 of the same year, showed upon autopsy a 
generalized tuberculosis of the spleen, liver and lungs. 

During the period, January to June, 1929, the patient’s condition in 
general progressed favorably. The temperature did not rise above 99° 
on any occasion; the pulse averaged around 100 and the respirations 20. 
The patient gained strength and weight, the latter reaching its maximum 


1 See Preliminary Report, AMERICAN REVIEW OF TUBERCULOSIS, August, 1929, xx, no. 2. 
2 The figures of the present paper are numbered consecutively and in sequence with those 
of the Preliminary Report. 
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of 168 lbs. early in June. The treatments during this period were per- 
formed on the following dates: February 2 and 24, March 15, April 4 
and 22, May 11 and 30. In June, however, his condition turned for the 
worse. He felt weak, and a pitting oedema occurred on both ankles, 
legs and left arm (the patient had been lying on his left side). A radio- 
graph obtained at this time (figure 20) disclosed that an interlobar pleu- 
risy on the right side of the chest, seen already in previous figures, had 
increased to about double its former size.\: The heart and lungs in the 
same figure appeared unchanged. Physical examination, however, dis- 
closed congestive rales over the bases of both lungs. Urinalysis showed 
a faint trace of albumen. The diuretics, theobromine natrio-salicylate, 
novasurol, and a combination of strophanthus 0.5 cc., novasurol 1 cc. and 
glucose (50 per cent) 20 cc., used intravenously, were given with fairly 
good results; oedemata, however, only rarely subsided completely, and 
early in July they ascended to the midthighs. Toward the latter part 
of this month a general anasarca had developed. The weight, which at 
first decreased from 168 to 161 Ibs., increased markedly, and by the end of 
July reached 178 lbs. 

Pericardial exudates, obtained June 22, July 12 and August 3, disclosed 
no change in appearance. In the early part of August another compli- 
cation developed, namely, a steady pain in the lower back, a condition 
that confined the patient to bed until the end of his ailment. X-ray 
examination of the lumbar spine disclosed a narrowing between the 2nd 
and 3rd lumbar vertebrae, a finding suggestive of early tuberculosis of 
the spine (figure 21). 

Upon treatment, August 3, 30 cc. of 4 per cent gomenol-oil solution, 
was injected into the pericardium without untoward effects, after with- 
drawal of the exudate, as well as 350 cc. of air. Three days later, August 
6th, the temperature had slightly risen above normal and reached its high- 
est point of 100°on August 8. During this period the pulse had also risen 
to 120 and respirations to 28. X-ray examination at this time revealed 
a further increase of the interlobar pleurisy on the right (figure 22) and 
an irregular shadow at the base of the same side. The heart had not 
changed roentgenologically; the sounds, however, became slightly weaker 


in quality. The blood-pressure was somewhat below normal, and a 
blood count showed a moderate secondary anaemia. 

About the middle of August other new symptoms developed, namely, 
frequency and nocturia. No blood or tubercle bacilli were found in the 
urine and a roentgenogram of the genitourinary tract revealed either an 
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Vic. 19. After the 21st treatment. 

Fic. 20. The interlobar pleurisy on the right side has noticeably increased in size. 

Fic. 21. Note narrowing between the 2nd and 3rd lumbar vertebrae in a lateral view. 
Fic. 22. Irregular dense shadow at the right pulmonary base and. a further increase of 


interlobar pleurisy. 
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Fic. 23. A progressing diffuse pulmonary infiltration. The irregular shadow at the right 
base has subsided. 

Fic. 24. Resolution of the interlobar pleurisy is marked. 

Fic. 25. Pulmonary infiltration resembles a miliary tuberculosis. 

Fic. 26. Photograph of heart with pericardial sac cut longitudinally, and reflected, show- 
ing the abnormal thickness as well as the fibrinous material on the inner surface of the peri- 
cardium and epicardium. A: Apex. Arrow points to a cross-section of the thickened 


pericardium. 
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enlargement of the kidneys or the presence of calculi. A kidney-func- 
tion test failed to prove any definite evidence of pathological involve- 
ment. From this time on the anasarca became uncontrollable, and in- 
somnia, hiccough, dyspnoea, cyanosis, pain in the epigastrium associated 
with nausea and occasional vomiting aggravated the patient’s condition. 
The heart sounds became more distant and a pulmonary oedema also 
developed. The pericardial exudate obtained August 17, 1929, to the 
amount of 750 cc., was of a yellowish-green and purulent character. 
The intervals between treatments had to be abbreviated, the next treat- 
ment being carried out August 24, and the following one on August 31. 
The exudates obtained during these last two treatments were also puru- 
lent in character. Upon the next treatment, which was carried out on 
September 7, the appearance of the exudate was again amber and 
cloudy. 

As time went on, toward the end of September, fine and medium moist 
rales over both lungs had developed. The sputum was blood-streaked, 
though constantly negative for tubercle bacilli. ‘The cough became pro- 
ductive. A temperature of a hectic type set in, characterized by marked 
remissions and intermissions of a range 97°-100° in the mornings and 
100°-103° in the afternoons. The pulse ranged from 90 to 130 and 
respirations 22 to 30. An active bilateral pulmonary tuberculosis had 
developed. The pathological changes can be plainly seen in the X-ray 
film obtained October 16 with the patient in recumbent position (figure 
23). The same figure shows a partial dissolution of the previously re- 
ported interlobar pleurisy on the right, which, up to this date, had been 
gradually increasing in size (compare previous figures). 

Upon all following treatments performed on September 17, October 
1, 16 and 22, November 4 and 19, and December 3, 17 and 31, the exu- 
dates obtained were of a haemorrhagic character and of a larger quantity. 
Since this occurred the pericardial exudates proved to be negative at all 
times for tubercule bacilli. 

On November 19, in addition to a routine pericardial treatment, a 
tapping of the abdomen had to be performed and 2000 cc. of a clear trans- 
udate were released. Pathologically this proved to be negative. The 
same treatment was repeated only once, namely, on December 31. 

A radiograph, obtained November 4, showed the right interlobar 
pleurisy greatly reduced in size, and no further definite changes regard- 
ing the lungs (figure 24). During the following few weeks the patient’s 
condition turned grave, as proved physically as well as radiographically. 
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An X-ray film, dated September 17, disclosed distinctly a diffusely scat- 
tered pulmonary infiltration affecting both lungs and resembling miliary 
tuberculosis (figure 25). An active and diffuse far-advanced pulmonary 
tuberculosis was evident. In the latter part of December a blurred 
vision and headaches became constant. A gradual and progressive loss 
of weight was obvious. The patient failed perceptibly. At last menin- 
geal symptoms developed and about two days later he ceased to breathe, 
on January 8, 1930. Four hours later an autopsy was performed by Dr. 
V. B. Dolgopol, whose postmortem notes and pathological findings 
follow: 


Upon opening of the abdomen 8 to 9 litres of a clear yellow fluid were removed. 

Chest: Pericardial sac round in shape and 20 x 14x 12cm. Percussion of 
the anterior part of the pericardium gave a tympanic sound. Upon opening 
the pericardial sac about one-half of it was found to contain air. The rest of 
the pericardial sac was filled with dark-brown blood and a large amount of 
fibrinous material in friable clumps. One part of the fibrinous material was 
attached to the upper and anterior, as well as to the parietal portion of the peri- 
cardium; the other part was free in the bloody exudate, in the form of large and 
small clumps (figure 26). 

Heart: 12x11x5cm. Epicardium gray and presented a folded, shrunken 
appearance. The fibrinous masses were loosely attached to it in the upper part 
of the heart. Several elongated patches of white caseous material were present 
anteriorly of the epicardium in region of both ventricles. Upon section, a 
dense layer of gray connective tissue separated these caseous areas from the 
myocardium. The total thickness of the epicardium in this place reached 7 
mm. The myocardium was brown in color and fairly firm. No gross evidence 
of tuberculous involvement of the myocardium was seen in any part of 
it. The endocardium was intact. The mitral valve was thickened on its 
free edge. 

Lungs adherent throughout, and showed an extensive infiltration with 
miliary and conglomerate tubercles. In the right lung tubercles were sur- 
rounded by areas of gelatinous pneumonia. 

The lymph nodes of the hilum contained small caseous areas. 

Abdomen: The visceral peritoneum covered with an even spread of very 
young miliary tubercles. No adhesions present. 

Spleen: 10x 7x4cm. Soft, congested, and showed a hyperplasia of the 
pulp. 

Kidneys: 11x 6x4cm., and showed white tubercles in the cortex. Capsule 
stripped easily. Parenchyma gray. 
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Adrenals: 6x 4.5x 1.5 cm. Greater part grayish-white, apparently case- 
ous. Small amount of adrenal tissue preserved on the surface. 

Urinary Bladder: Mucosa slightly congested, but showed no tuberculous 
ulcers. 

Liver: Diminished in size and rather firm. Serous surface covered with 
miliary tubercles. 

Gastrointestinal Tract: Peritoneum of stomach and of intestines covered 
with miliary tubercles. No ulcers in intestinal mucosa. 

Pancreas: Peritoneum of pancreas covered with miliary tubercles. 

Testes and Prostate: No gross changes. 

Head: Not opened. 


Microscopic Examination 


Heart: Sections through caseous areas of epicardium showed great thicken- 
ing of that structure. Near the surface epicardium transformed into granula- 
tion tissue, with some of its blood-vessels bulging into the pericardial space; 
some of these blood-vessels were torn. Granulation tissue showed extensive 
caseous necrosis. Occasional remnants of cells with pale irregular nuclei 
seen in proximity to necrotic areas. Deeper layer of epicardium consisted of 
thick layer of collagenous fibres with occasional groups of lymphocytes be- 


tween them. The subepicardial fat absent. Myocardium showed extensive 
brown atrophy. 

Lungs: Sections showed conglomerate tubercles, areas of tuberculous bron- 
chopneumonia, emphysema and oedema. 

Spleen: Extensive miliary tuberculous process. 

Liver: Increase of connective tissue, both within lobules and in interlobular 
spaces. Miliary tubercles present on the surface as well as in interlobular 
connective tissue. 

Kidneys: Miliary tubercles in cortex and pyramids. Tubular epithelium 
showed an extensive albuminous degeneration. 

Adrenals: Extensive caseous necrosis with tubercles surrounding the case- 
ous area. 

Pancreas: Peritoneal covering contained miliary tubercles. Underlying 
pancreatic tissue showed necrosis. Deeper parts of pancreas contained no 
tubercles and showed no other changes. 

Diagnosis: (1) Pneumopericardium, (2) chronic tuberculous pericarditis 
with effusion, (3) brown atrophy of myocardium, (4) chronic productive and 
exudative pulmonary tuberculosis, (5) miliary tuberculosis with diffuse cirrho- 
sis of liver, (6) miliary tuberculosis of spleen, (7) miliary tuberculosis of kid- 
neys, (8) tuberculosis of adrenals, (9) miliary tuberculosis of peritoneum, and 
(10) ascites. 
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TREATMENT OF PERICARDITIS WITH EFFUSION 


SUMMARY 


1. In all, 43 treatments of the pericardium were performed, 38 con- 
sisting of aspirations, followed immediately by injections of air. Two 
of the 38 treatments were supplemented by (1) lipiodol, and (2) 
gomenol-oil in a 4 per cent solution. 

2. Data obtained in this case are of particular interest, as no similar 
case has been followed to such an ultimate outcome. 

3. Tappings and injections of air, lipiodol and gomenol-oil into the 
pericardium actually prolonged the patient’s life for a year and a half. 

4. Lipiodol proved to have a greater curative value than gomenol- 
oil, as the former established an immediate reaction which was followed 
by beneficial consequences; the gomenol-oil also established a reaction, 
but it was very faint and had no effect whatsoever on the patient’s 
condition. 

5. The fatal outcome of the case must be attributed to a highly viru- 
lent type of tuberculous infection (proved by numerous positive tests), 
causing all the above-mentioned complications which terminated life. 


VITAMINE D IN BONE TUBERCULOSIS IN CHILDREN! 
H. G. GRAYZEL, M. J. SHEAR anp BENJAMIN KRAMER 


For many years heliotherapy has been used with benefit in the treat- 
ment of tuberculosis. Within the last decade artificial ultraviolet light 
has been repeatedly reported to be of value in the treatment of various 
forms of tuberculosis. One of the most striking results following ex- 
posure of the skin to ultraviolet light is the synthesis of vitamine D within 
the body. This vitamine plays an important rdle in calcification; 
furthermore, calcification is often found in healed tuberculous lesions. 

Up to the present, conclusive proof for the specific action of any of the 
vitamines upon tuberculous infection has been lacking; however, studies 
on intestinal tuberculosis (1) (2) (3) and other forms of tuberculosis (4) 
point to the possible significance of various vitamines in this disease. 
In the present study the effect of an increased intake of vitamine D on 
tuberculous infection of bone was investigated. 


PROCEDURE 


Eighteen tuberculous children were divided into two groups of nine 
each, one the test group and the other the control. Seventeen had active 
bone tuberculosis, and one tuberculosis of the skin. Their ages ranged 
from 33 to 12 years, with the average age eight years. 

All received a well-balanced diet, adequate in all respects, including its 
vitamine content. Their daily food consisted of one egg, 75-100 gm. 
of meat or fish, a minimum of one quart of milk, 30 gm. of butter, at 
least 200 gm. of 5-15 per cent cooked vegetables and about 100 gm. of a 
raw vegetable salad, three fruits, one of which was an orange, a bowl of 
cereal, bread or crackers, soup, 50-100 gm. of potato, and a choice of one 
of the following: macaroni, spaghetti, baked beans, creamed potatoes, 
sardines or salmon. All also received daily 2 tablespoonfuls of a prep- 
aration of maltine with codliver oil. 


1From the Pediatric Research Laboratory, the Jewish Hospital of Brooklyn and the 
Neponsit Beach Hospital for Sick Children, New York. A preliminary report (1) was pre- 
sented before the Society for Experimental Biology and Medicine, New York, November 20, 
1929. 
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The treated children received 4 mgm. daily of irradiated ergosterol? 
during the first 4 months, and 7 mgm. daily for the succeeding 8 months. 
The irradiated ergosterol contained 2000 rat units (11) per milligram. 
The preparations in oil contained 1 mgm. irradiated ergosterol per cc.; 
1 cc. was therefore equivalent to about 150 cc. of potent codliver oil. 
Three children of the control group and one of the treated group were 
allowed to be out of bed and outdoors for several hours during the day. 
The other children were in beds which were kept on a porch during the 
greater part of each day. 

In addition to the above medication, treatment of these cases con- 
sisted in instituting various types of immobilization or rest in bed, daily 
salt baths and dressings. No operative procedures were performed. 

During the course of the investigation, periodical physical examina- 
tions, blood-pressure readings and urine examinations were made; radio- 
grams were taken; and, whenever the condition of the patient permitted, 
monthly weights were recorded. Blood-serum calcium and phosphorus 
were determined at the end of 6 and 12 months. 


DISCUSSION 


Comparison of the treated with the control group revealed no striking 
improvement in the condition of the bones, either clinically or radio- 
graphically; thus, the addition of large amounts of vitamine D to a well- 
balanced diet did not produce any appreciably favorable effect’ upon 
children with active bone tuberculosis. On the other hand, viosterol 
did not influence adversely the course of the infection or the general 
well-being of the patient in spite of the prolonged period of treatment. 

Pattison (6) administered irradiated ergosterol to children suffering 
from bone tuberculosis. He gave 2 cc. daily of a preparation, of un- 
stated strength, for about 30 weeks, but obtained no improvement that 
he could definitely ascribe to the viosterol. Subsequently, he (7) gave 
concentrated vitamine preparations, containing 20 and 40 times the 
vitamine-A potency of codliver oil, to children suffering from bone tuber- 


2 The irradiated ergosterol used in this study was prepared and standardized by the Fleisch- 
mann Laboratories as follows: The ergosterol in ether solution was exposed to the rays of a 
mercury-quartz lamp for 15 minutes at approximately six inches. After evaporation of the 
ether the ergosterol was dissolved in a vegetable oil. The preparations were tested by ad- 
ministration to rats made rachitic by ration 2965 of Steenbock and Black (5). Only such 
preparations were used as produced a line test in rats fed 0.0005 mgm. irradiated ergosterol 
over a test period of 7 days. We wish to express our thanks to the scientific staff of the 
Fleischmann Laboratories for their cordial response to our request for material. 
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culosis for periods ranging from 4 to 7 months; these preparations also 
contained vitamine D. The improvement noted was about the same as 


TABLE 1 
Control group 


NOVEMBER, 1928 MAY, 1929 BLOOD PRESSURE 

TOTAL 
LESION YEARLY 
GAIN Ca May, May, 
1928 1929 


Ankle 98/40} 104/36 
Hip : 118/72} 124/90 
Hip F 114/64) 106/58 
Hip .6 | 114/74] 124/80 
Spine .7 | 124/68] 102/60 
Elbow and| 20. .3 | 116/80] 120/84 

radius 
Knee and 114/80} 124/78 

tibia 
Spine 9.2 116/80} 116/72 


OP 


TABLE 2 
Treated group 


NOVEMBER, 1928 MAY, 1929 BLOOD PRESSURE 
TOTAL 


LESION YEARLY M M 
GAIN ay, ay, 
P Ca 1928 1929 


mgm. | mgm. 
per 100 | per 100 
CC. ce. 
Ankle 10.0 106/60} 118/60 
Hip 9.8 108/70} 124/88 
Ankle and 11.0 94/62} 90/66 
knee 
Spine ; : 9.3 : 112/88} 112/74 
Spine . 9.4 128/70} 108/78 
Skin .2 | 120/70] 124/72 


Tibia and 


ankle 
Knee 3.8 : 3 98/60} 106/60 


Hip 12 ' .5 | 118/72] 108/64 


any 


vr 


in the control children who had received codliver oil daily. He con- 
cluded that the administration of large amounts of vitamines A and D 
did not appear to be of greater value than the use of codliver oil. 


| 
NAME AGE 
j : mgm. | mgm. | mgm. | mgm. 
if years lbs. per 100 | per 100 | per 100 | per 100 
cc. cc. cc. 
4 
9% 
53 
if 11 
7 
i 
11 
i 8 
a 8 
4 
| 
> 
| 
years 
| 5 
B. 9 
I. 11 
12 
g 
9 
| 
| 
| 34 
6 
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TABLE 3 


Urinary findings in treated group 


BENZIDINE 


MICROSCOPIC 


W.B.C. 


Mar., 1928 
June, 1928 
Oct., 1928 
Mar., 1929 


Mar., 1928 
June, 1928 
Oct., 1928 
Apr:, 1929 


Mar., 1928 
June, 1928 
Oct., 1928 
Apr., 1929 


1928 
1928 
1928 
1929 


1928 
1928 
1928 
.» 1929 


1928 
1928 
1928 
1929 


1928 
1928 
1928 


1928 
1929 
1929 


1928 
1928 
1929 


Marked trace 
Trace 


Mod. no. 
Mod. no. 
Few 
Numerous 


Mod. no. 


Occasional 
Few 
Occasional 


Occasional 


Occasional 
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NAME DATE ALBUMIN 
R.B.C. Casts 
N. L. _ _ 
: 
ome 
S. B. 
+++ ~ - 
Apt., - rv | 
Apr., Trace Few 
E. J. July, ~ 4 
Oct., ++++ - Few 
E. L. Jan., +++ - oo Few = 
Apr., +++ - Few - 
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Our results are of interest, apart from their bearing upon tuberculosis, 
in that they throw additional light on the disputed point of the toxicity 
of viosterol. Earlier workers with this material reported severe toxic 
symptoms and pathological anatomical changes in various animals and 
in human beings (8). On the other hand, others (9) were unable to 
confirm the above experiences. Bamberger and Springer (10), in a 
study of tuberculous children, observed toxic symptoms as a result of 
the daily administration of 5 to 30 mgm. of irradiated ergosterol over a 
period of 5to18 days. They made no comment regarding its effect upon 
the tuberculous infection, obviously because the time of administration 
was so short. It has been suggested that variations in the method of 
preparation of irradiated ergosterol may be responsible for the presence 
or absence of toxic effects obtained after administration. 

Throughout the period of observation, no toxic symptoms, such as 
anorexia, vomiting, pallor, loss of weight, haematuria, hypertension or 
hypercalcaemia, were noted. (See tables 1, 2 and 3.) Whenever a 
patient showed albuminuria and pathological urinary elements micro- 
scopically prior to the administration of viosterol, no increase of these 
urinary constituents was noted subsequently (see table 3). Progressive 
gain in weight occurred in both groups (see tables 1 and 2). The gains 
in general were greater than those of normal children of the same age; 
for, normally during this period of life, there is an average gain of 3 to 5 
pounds a year. The prolonged treatment with irradiated ergosterol, in 
quantities equivalent to about 0.6 and 1.0 litre per day of potent codliver 
oil, produced no rise in either serum-calcium or phosphorus (see tables 
1 and 2); the values obtained were the same as those of the untreated 


children. 
SUMMARY 


1. The addition of irradiated ergosterol to a well-Lalanced diet already 
adequate in vitamine content produced no noticeable acceleration of the 
healing process in children suffering from bone tuberculosis. 

2. Relatively large therapeutic doses of irradiated ergosterol (equiva- 
lent to about 0.6 to 1.0 litre of codliver oil daily) caused no toxic symp- 
toms, no observable pathological calcification, and no increase above the 
normal in the concentration of serum-calcium or of serum-phosphorus 


were noted. 


The authors wish to express their appreciation to Miss Vient R. N., Superintendent, and 
Miss Bisset R.N., Assistant Superintendent of Neponsit Beach Hospital, for their codpera- 
tion in this investigation. 
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STUDIES ON THE INCIDENCE OF TUBERCULOUS 
INFECTION? 


ELIZABETH A. LEGGETT anp F. F. CALLAHAN 


Tuberculous infection includes not only those types of infection which 
cause active disease with its recognizable signs and symptoms, but also 
those which are silent and give no warning of their presence. The second 
type, the latent type of infection, is usually discovered in the routine 
examination of apparently well people. It is recognized only by careful 
study, and with the aid of tuberculin tests and X-ray examination. 
Even the last-named method fails to reveal latent lesions which are not 
pulmonary. To determine the incidence of tuberculous infection in a 
community representative groups are studied. School children have 
formed the group most readily accessible and most representative of the 
population; consequently they are most frequently studied. University 
students, nurses and army recruits were used by Heimbeck (1). Uni- 
versity students and nurses were studied by Myers and Lees (2). 
Another method of studying the incidence of tuberculous infection is 
through intensive examinations of autopsy material. Each method has 
its faults. Since they are younger, the group of school children show a 
lower incidence of infection. The patients who come to autopsy are 
usually from the poorer classes and may show a higher incidence of in- 
fection than is true of the community as a whole. 
In conducting clinical examinations of groups to determine the inci- 
dence of tuberculous infection a definite and fairly uniform system of 
procedure is usually followed. It has been clearly described by Chad- 
wick and by McPhedran (3). Briefly the system is (1) the application ' 
of one, two or three intracutaneous tuberculin tests, and (2) the physical 
and X-ray examinations of all who react positively to the tuberculin test. 
The tuberculin test which is recommended and which was used in our 


1 Thesis submitted to the Graduate Faculty of the University of Minnesota, Decem- 
ber, 1930. 

2 From the Pokegama Sanatorium, Pokegama, Minnesota, and the Graduate School of the 
University of Minnesota, Minneapolis, Minnesota. Presented in part at a meeting of the 
Lymanhurst Staff, Lymanhurst School and Clinic, Minneapolis, Minnesota, September 23, 
1930. 
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investigation is the intracutaneous (Mantoux) test. In it the amount of 
tuberculin injected is known. The diagnostic significance of the test 
according to Atsatt (4) is increased by the fact that reactions to dilute 
solutions are greater in cases of recent infecton or active disease. In 
comparative studies of Pirquet and Mantoux tests applied to the same 
individuals positive reactions were obtained in a slightly higher percent- 
age with the Mantoux tests. In 17 cases at the Lymanhurst School and 
Clinic in which previously positive Pirquet reactions had become nega- 
tive, five of the cases reacted positively to 0.1 mgm. of Old Tuberculin 
given intracutaneously (5). Myers (6), in a detailed discussion of the 
two tests, presents a summary of the evidence in favor of the Mantoux 
test. He seems convinced of its greater accuracy. The Pirquet test at 
Lymanhurst is applied by first placing a drop of Old Tuberculin on the 
skin and making a needle prick through the tuberculin. This method 
was devised by C. A. Stewart (7). Occasionally a child reacts positively 
to the Pirquet test and shows no reaction to the first Mantoux test. 
In such cases I believe the needle has carried more than 0.1 mgm. of O. T. 
into the skin. 

In the method outlined by Chadwick and by McPhedran the initial 
dose of tuberculin is 0.01 mgm. diluted to 0.1 cc. by physiological saline 
solution. If the first test is negative, a second, with 0.1 mgm. of Old 
Tuberculin, is used. If this too is negative a third test of 1.0 mgm. is 
given. If the child fails to react to 1.0 mgm. he is considered free from 
infection. Myers and Harrington (8) in a series of tests in Minneapolis 
decided it safe to start with 0.1 mgm. In our experience no serious re- 
actions have occurred after injecting 0.1 mgm. of Old Tuberculin. The 
diluted tuberculin must be freshly prepared. 

The Minnesota groups in this series consist of 259 students from the 
St. Marks School, St. Paul; 340 students from the Lincoln and Erickson 
Schools and the Johnson High School, St. Paul; and 265 students from 
the Pine City High School and Grade School, Pine City. In St. Paul one 
student group comes from a good residential district, and the other from 
a poorer district where living conditions are not so good. In Pine City 
the students either live in the small town or in the surrounding farming 
community. In addition to the groups above, s'udents in the Little 
Falls High School, the St. Frances High School, and the High Schools in 
Swanville, Upsula, Royalton, Pierz and Motley in Morrison County were 
tested. The second test was given only in the Little Falls High School. 
The data from this series are not yet complete. 
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Two days to a week before the tests were scheduled consent blanks were 
sent to the parents. Only those children whose parents had signed con- 
sent blanks were given the test. In giving the test the arm was first 
cleaned with 70 per cent alcohol; then 0.1 cc. of a 1/1000 solution of Old 
Tuberculin (0.1 mgm.) was injected intracutaneously in the palmar sur- 
face of the left forearm. It was found that the use of a platinum needle 
which could be sterilized by flaming greatly facilitated the testing. The 
tests were read at the end of forty-eight hours and were classified accord- 
ing to Chadwick and McPhedran. A one-plus reaction consisted of a 
slight but definite oedema not greater than 10 mm. in diameter. A 
two-plus reaction was one in which the area of oedema was between 10 
and 15 mm. in diameter. A three-plus reaction was one in which the 
area of oedema was greater than 15 mm. in diameter but with no nec- 
rosis present. A four-plus reaction was one with necrosis. Those 
children who reacted negatively to the first test were given a second test 
in which 1.0 mgm. of Old Tuberculin was used (0.1 cc. of 1/100 dilution). 
At the time of giving the test a history as to exposure was obtained. 

The tuberculin used in St. Paul was diluted at the Ancker Hospital, 
and was made from “Tuberculin Old ‘O.T.,’” H.K. Mulford Co., Phila- 
delphia. That used in the first test at Pine City was made from Tuber- 
culin “Old” from the Lederle Antitoxin Laboratory, New York. That 
used in the second test at Pine City was made from the Mulford 
tuberculin. 

Those children who reacted positively to the tuberculin test were 
X-rayed. The group from St. Marks School were X-rayed at the Mid- 
way Hospital, and those of the Lincoln—Erickson—Johnson group at 
the Aincker Hospital. Flat plates were taken of the chest, with stereo- 
scopic plates only in those cases in which the flat plate indicated the 
necessity. These plates were first read by Dr. J. R. Aurelius and Dr. 
E. K. Geer of St. Paul. The group at Pine City was X-rayed at the 
Pokegama Sanatorium. In the Pine City group stereoscopic plates 
were taken of all positive reactors. These children were also given a 
careful physical examination, and a complete medical history was ob- 
tained. Because of the more detailed study, I believe the information 
concerning the Pine City children is of more value than that in the less 
carefully examined group. : 

The studies of McPhedran (13), of Krestin (14) and of Hetherington, 
McPhedran, Landis and Opie (9) were used as a basis for the X-ray 
diagnosis. McPhedran (3) classifies the lesions as: 
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a: Focal tuberculosis, caseous or calcified nodules in the lung parenchyma. 
In our series these have been classified as primary foci. 

b: Tuberculous consolidation of a lobe or wedge, progressive and unstable. 
This type of lesion was not seen in our series. 

c: Tuberculous consolidation of a lobe or wedge, retrogressive and benign. 
The fibroid infiltration seen in the St. Paul cases may be of this type in the 
retrogressive stage. 

d: Diffuse childhood tuberculous infiltration. One of the Pine City cases 
showing parenchymal infiltration may be either this type or type h. 

e: Milliary tuberculosis. Not seen. 

f: Tuberculosis of the tracheobronchial lymph nodes, not calcified. Not seen 
in our series. 

g: Tuberculosis of the tracheobronchial lymph nodes, calcified. Seen in one 
case in St. Paul and in 20 cases in Pine City. 

h: Apical adult type of childhood and adolescence. Seen definitely in one 
case in Pine City, and with doubtful diagnosis in another. 


In the X-rays from St. Paul many diaphragmatic adhesions were de- 
scribed. They were slight and their clinical significance was doubtful. 
In Pine City there were 5 cases with definite adhesions, and one case of 
pleurisy with effusion was seen. 

Surveys of the incidence of tuberculous infection have been made by 
many investigators. The result of a few combined with the results of 
this series are shown in graph I. It is easily seen from this that the 
incidence of tuberculous infection in the combined Pine City and St. 
Paul groups is lower than that of the other series except the two from 
rural Minnesota, and that from rural Ontario. It most closely approxi- 
mates the results of the New England series of Chadwick and Zacks. 
The curve is surprisingly lower than that of the Minneapolis series of 
Myers and Harrington. 


ST. MARKS SCHOOL 


The results of the tuberculin tests in St. Marks School are summarized 
in table 1. The number of known exposures is very low, only fifteen out 
of 259 examined. If it had been possible to obtain a more detailed 
history this number might have been increased. The relation of the 
severity of the reaction to the exposure is shown in table 2. The second 
test was given after a month’s interval. 

The number of children tested, the number reacting positively and 
the number showing X-ray evidence of infection are shown in graph II. 
Detailed tabulation of the X-ray type of lesion found at each age is given 
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in table 3. Table 4 shows the relation between the severity of the tuber- 
culin reaction and the type of lesion shown by X-ray. Of the positive 
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reactors (53) only 15 showed X-ray evidence of infection. The lesions 
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In no case were the X-ray findings sufficient to warrant a diagnosis of 


active tuberculosis. 
The children in this group come mainly from middle-class homes in 


which the living conditions are excellent. 


TABLE 1 


St. Mark’s School 


They were predominantly of 
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The incidence of infection is 20 per cent as 
compared with 47.33 per cent in the Minneapolis group of Myers and 
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Graph II. 
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TABLE 3 


CALCIFIED PARENCHYMAL | I° FOCUS AND PLEURAL NEGATIVE 
LYMPH NODES | INFILTRATION | LYMPH NODES ADHESIONS 
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TABLE 4 


CALCIFIED PARENCHY- 1° FOCUS 
LYMPH MAL INFIL- | AND LYMPH 
NODES TRATION NODES 


PLEURAL 
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1-10/+ 3 1 10 
10-15/++ 1 7 
over 15/+++ 5 1 20 
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TABLE 5 
Lincoln School 
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THE LINCOLN—ERICKSON—JOHNSON SCHOOLS 


The results of the tests in these schools are summarized in table 5. 
The number of known exposures is 30 as compared with 15 at St. Marks. 
The interval between the first and the second tests was forty-eight hours. 
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Of the 77 children who reacted positively seventy-two were X-rayed. 
The others failed to keep their appointments. The number of children 
tested, the number reacting positively and the number showing X-ray 
evidence of infection are shown in graph III. Detailed tabulation of the 
X-ray types of lesions found at the various ages is given in table 7. 
Table 8 shows the relationship between the severity of the tuberculin 
reaction.and the type of lesion shown in the X-ray. Of 72 positive 
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reactors 24 showed X-ray evidence of infection. The lesions were divided 
as follows: 


Calcification of the tracheobronchial lymph nodes.............seeeeeeeees 12 
Questionable parenchymal infiltration or 


In no case were the X-ray findings sufficient to warrant a diagnosis of 
active tuberculosis. 

These children come mainly from poor homes where the living condi- 
tions are not good. The majority were Italian with a few of Scandina- 
vian, German or English descent. Known exposure was still rare. The 
incidence of infection was 22 per cent. , 
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TABLE 6 


Lincoln—Erickson—J ohnson 


EXPOSURE + EXPOSURE — EXPOSURE ? 
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TABLE 9 
Pine City 
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, PINE CITY SCHOOLS 
Dr. C. C. Van Winkle assisted in applying the tuberculin tests in Pine 
City and gave us valuable suggestions concerning the statistical study of 
the data obtained. 
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In Pine City there was an extraneous factor which affected the children 
of high-school age. In October, 1929, one of the teachers who was the 
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toration for two months. His doctor diagnosed his condition as tuber- 
culosis, and referred him to Pokegama for examination. He was found 
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Of the children tested in the Pine City High School 94 had history of 
known exposure and, of these, 73 had been exposed to this téacher. 
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The results of the tests in Pine City are summarized in table 9. No 
child reacted positively to the second test. The diluted tuberculin used 
for the second test was again diluted 1 to 10, and 0.1 cc. injected intra- 
cutaneously into the forearm of a known positive giving a four-plus- 
reaction. Could the failure of these children to react to the second test 
be explained upon the basis of recent infections? Did all those infected 
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react to the first test? Relation between exposure and tuberculin re- 
action shown in table 10. 

The number of children tested, the number reacting positively and the 
number showing X-ray evidence of infection are shown in graph IV. 
Tabulation of the types of lesions found at the different ages is given in 
table 11. Table 12 shows the relationship between the severity of the 
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tuberculin reaction and the type of lesion found. The lesions are divided 
as follows: 

Calcification of the tracheobronchial lymph nodes 

Parenchymal infiltration 

Pleural adhesions 

Primary foci 

Pleurisy with effusion 
Of the 42 positive reactors who were X-rayed 31 showed evidence of 
infection. 

TABLE 13 
St. Paul Groups and Pine City Group 
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The children in this group came from the village of Pine City or from 
the neighboring farms where living conditions were good. The incidence 
of infection in the grade-school children, ages 6 to 11 inclusive, was low,— 
4.1 per cent as compared with 43 per cent in Minneapolis for the same 
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TABLE 14 
Little Falls high school 
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age-group. In the high-school children the incidence of infection was 
25 per cent. Graph V shows the comparative distribution of incidence 
by age in the Minneapolis, St. Marks, Lincoln and Pine City groups. 
Graph VI and table 13 show the distribution of positive reactors in the 
combined St. Paul and Pine City groups. 
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Doctor Hendrickson assisted in applying the tests in Morrison County. 

The results of the tests in the Little Falls High School are summarized 
in table 14, graph VII. The children in this group are drawn from Little 
Falls or the surrounding farms. Living conditions are good, but the 
county is known to have a high incidence of tuberculous disease. Within 
the last two years two girls in high school have broken down with adult- 
type tuberculosis. 
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The results of single tuberculin tests in other high schools of the 
county are given in table 15 and graph VIII. A more complete report 
of the studies in Morrison County will be given in a later paper. 

In the study of the incidence of tuberculosis as determined at autopsy 
examination, the material was obtained at autopsies conducted by the 
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staff of the Department of Pathology at the University of Minnesota. 
These autopsies consist of coroner’s cases, of autopsies at the University 
Hospital and the Minneapolis General Hospital, and of autopsies held 
at other Minneapolis hospitals. I attended as many of these autopsies 
as possible, examining the fresh lungs, and if permission were obtained 
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took one or both to the laboratory. There the specimen was fixed in 10 
per cent formalin. After it was fixed the lung was cut in serial sections 
from 3 to 5 mm. thick and examined grossly for calcification, caseation, 
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and scar-tissue. Doubtful areas were sectioned and stained for micro- 


scopic examination. ‘ 

The criteria for diagnosis were based on the work of Ghon (15), 
Miller (16) (17) (18), Opie (19), Krestin (14), Ophiils (20) and Pinner 
(21). The following lesions were considered evidence of tuberculosis: 
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1: Calcification of the tracheobronchial lymph nodes. 

2: Calcified subpleural node, with caseation or calcification of the draining 
lymph node or other tracheobronchial nodes. : 

3: Areas of caseation which appeared to be tubercles on section. 

4: The presence of gross tuberculous infiltration. 

5: Thickened apical pleura with fibrosis beneath. 

6: The mesenteric and retroperitoneal lymph nodes were examined in the 
fresh material, but the only cases in which they gave evidence of involvement 
were those of extensive tuberculosis. 
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In 1926 Ophiils made a statistical survey of 3000 autopsies. He found 
evidence of tuberculous infection in 68 per cent. The types of tubercu- 
losis and their incidence in the various age groups are shown in the graph 
which is reproduced as graph IX. It shows very clearly the overwhelm- 
ing predominance of pulmonary over other types of infection. 

My series of 97 cases is too small to compute percentages. The case 
incidence of infection in it is shown in graph X. Of the 97 cases, 46 
cases, or 47 per cent, showed tuberculous infection. The age distribution 
is also shown in graph X. 


SUMMARY 


1. InSt. Paul 563 children were examined, of whom 131, or 23 per cent, 
reacted positively to tuberculin. The severity of the reactions was di- 
vided as follows: One plus 22.4 per cent; two plus 15 per cent; three 
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plus 32 per cent; four plus 10.4 per cent. Of the 125 children X-rayed, 
39 children, or 29 per cent, showed evidence of pulmonary infection. 
There were no diagnoses of active tuberculosis in this group. 

2. In Pine City 265 children were examined, of whom 43, or 16 per 
cent, reacted positively to tuberculin. Among the grade-school group 
(ages 6 to 11) 4 per cent were positive, as compared with 8.7 per cent in 
St. Paul and 43 per cent in Minneapolis. In the high-school group 
(ages 12 to 20) 25 per cent were positive, as compared with 13.5 per cent 
in St. Paul and 46 per cent in Minneapolis. The severity of the reactions 
was divided as follows: One plus 7 per cent; two plus 7 per cent; three 
plus 79 per cent; and four plus 7 per cent. None of the Pine City 
children reacted to the second test. Of the 42 children X-rayed, 29, or 
69 per cent, showed evidence of pulmonary infection. There were three 
diagnoses of active tuberculosis in this group. 

3. In the Little Falls high-school group 274 children were examined, of 
whom 86, or 31 per cent, reacted positively to tuberculin. 

4, In the autopsy specimens examined there was evidence of tubercu- 
lous infection in 46 specimens, or 47 per cent. There was evidence of 
clinically active tuberculosis in 6 cases, or 6 per cent. It must be re- 
membered that the autopsy material was obtained in Minneapolis, 
where the average incidence of tuberculous infection among school 
children was 43 per cent. It must also be remembered that the many 
deaths from tuberculosis in Hennepin County occur at Glen Lake and 
that none of the material from there is contained in this series. 

From these figures it is evident the incidence of infection among the 
grade school children (ages 6 to 11) is less in Pine City than in St. Paul, 
and much less in both St. Paul and Pine City than in Minneapolis. 
However, the incidence of infection among the children of high-school 
age (12 to 20) is much greater in Pine City, where there was a known 
source of infection, than in St. Paul. In both the incidence of infection 
was less than in Minneapolis for children of the same age. In the com- 
bined St. Paul and Pine City group 384 boys were examined, 22 per cent 
of whom reacted positively, and 464 girls were examined, 16.8 per cent 
of whom reacted positively. 

In the city group there were no diagnoses of active or clinical tubercu- 
losis. In the smaller Pine City group three girls, all with contact with 
tuberculosis, were found to have active or clinical tuberculosis. 
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CONCLUSIONS 


1. Tuberculosis surveys in the schools are useful, not only as a means of 
statistical studies of the incidence of infection but also as a means of 
early diagnosis of unsuspected disease. 

2. The presence of a teacher with active pulmonary tuberculosis is a 
definite source of infection to the children. 

3. The incidence of tuberculous infection in the school children of this 
series is less than that shown in the school children in the Minneapolis 
series of Myers and Harrington. 

4, Careful examination of the lungs in cases of death from causes 
other than tuberculosis reveals the presence of undiagnosed tuberculous 
lesions in a high percentage of the cases (42 per cent in this series). 
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TUBERCULOSIS IN THE NEGRO 
Further Studies on the Réle of the Leucocytes in Tuberculosis 
BENJAMIN L. BROCK anp SAM BLACK! 


A review of the literature on tuberculosis in the Negro shows it to be 
conspicuously lacking in information relative to the pathology of the 
disease. Most of the literature available on this subject deals with 
public-health problems. One of the most outstanding facts to be learned 
concerning tuberculosis among the Negro race in this country is that the 
mortality rate in many localities is three to four times as great as the 
rate for the white race in the same locality. 

From the meagre information we have regarding the pathology of the 
disease, it has been shown that the type tuberculosis found in the Negro is 
definitely different from that seen in the white race. The acute exuda- 
tive or fulminating tuberculosis rarely found as such in the white patient 
is, according to our experience, not an infrequent occurrence in the Negro. 
There are several theories relating to the cause for such a high death-rate 
among our colored population and also relating to the cause for the acute 
tuberculosis which frequently is seen to be a manifestation almost char- 
acteristic of the race. In fact, the lesion resembles in many instances 
that of a first infection as we see it in the acute childhood type of tuber- 
culosis. Lack of inherited immunity to the disease has been mentioned 
as playing a distinctly prominent réle in modifying the disease. As yet, 
however, there is no definite proof that the Negro has any inherent bio- 
logical susceptibility to tuberculosis different from that of his white 
neighbor. The poor economic conditions to which the colored race has 
been subjected have also been stressed as a causative factor in determining 
the type of disease which he will fall heir to. None of us will deny that 
acquired immunity, however great it may be, is insufficient under un- 
favorable conditions to prevent disease. Just how far such disease may 
be modified under these conditions has not been definitely shown. Again 
the failure to become infected in childhood might definitely alter the sub- 
sequent development of disease. This point will be dealt with further 
in the discussion. 


1 Waverley Hills Sanatorium, Waverley Hills, Kentucky. 
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Although all of these theories may play a definite réle in determining 
the type of tuberculosis developed by the Negro race and the death-rate 
among them, none of them fully explains these all-important questions. 
It was thought that a study of the leucocytes in the peripheral blood, in 
the different types of pathological lesions seen in the Negro with pul- 
monary tuberculosis, might throw a clearer light on the mechanism of 
immunity in tuberculosis. Our knowledge of this mechanism is vague. 
Is the cellular reaction in the peripheral blood a result of different-sized 
doses of tubercle bacilli, or are the different types of cellular reaction 
modified by the degree of immunity developed over a period of years by a 
constant seeding of the individual with tubercle bacilli? Can a certain 
type of cellular reaction as seen in the peripheral blood be the prominent 
factor in causing immunity, or is the cellular reaction a result of the 
immunity process built up in the body? 


REVIEW OF LITERATURE 


In a previous paper one of the authors (1) has concluded that the monocyte 
plays the chief réle in new tubercle-formation. Elevation of the monocyte has 
been a rather consistent finding in cases showing an elevation in the neutrophile 
count. Such a picture has been interpreted as meaning spread of disease with 
abscess-formation. The lymphocyte has been found to play the important 
réle in the healing of the lesion. A definite increase in the percentage of lym- 
phocytes is indicative of healing, and when the monocyte and neutrophile re- 
main around normal arrest of the disease has been a consistent finding. The 
neutrophile has been shown to play the chief part in abscess-formation. In 
practically every case showing cavity or evidence of breaking down of the 
lesion the neutrophile was found to be elevated. This has been found to be 
true regardless of whether the case was clinically active or not. Pathologically 
active tuberculosis has shown rather consistently a definite elevation in the 
percentage of neutrophiles in the peripheral blood. When definite elevation 
in percentage of all three types of cells was present a combination in varying 
degrees of extension with abscess-formation and healing of the disease was 
indicated. 

Medlar (2) has concluded that, when definite increase in the neutrophile and 
monocyte counts is present in a tuberculous individual, spread of the disease 
with abscess-formation is indicated. Conversely, he states that, when there 
is a closely related increase of lymphocytes and monocytes with a normal neu- 
trophile count, definite repair is taking place. He found that, when the 
lymphocytes were normal or below normal, little or no healing was occurring. 

On the basis of their blood studies in rabbits infected with tubercle bacilli, 
Cunningham, Sabin, e¢ al. (3) divided their animals into three groups. In the 
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first group the entire reaction of the animal was unfavorable. A diffuse and 
invasive mononucleosis without any indication of tubercle-formation was fre- 
quently found in the lungs at autopsy. It was in this type of acute disease 
that the monocytes in the peripheral blood-stream surpassed the lymphocytes 
in number. By studying this monocyte-lymphocyte ratio, these authors were 
able to make a correct judgment concerning the animals’ condition. The 
reaction of the animal in the second group was entirely favorable. At autopsy 
this group showed consistently what was interpreted as arrested disease. 
Here the lymphocyte in the peripheral blood remained high and always above 
the monocyte. In the third group there were attempts on the part of the 
animals to build up resistance alternating with periods of low resistance. The 
peripheral blood showed a shifting ratio between monocytes and lymphocytes. 
Reference will be made to these findings in the discussion. 

In a recent paper on the cellular reactions to primary infection and reinfec- 
tion with tubercle bacilli in the peritoneal cavity of guinea pigs, Gardner (4) 
states that “it would appear that a lymphocytosis and the capacity of the skin 
to react allergically to the injection of tuberculin are both manifestations of the 
hypersensitive state. They appear simultaneously and they tend to decrease 
in severity at the same time during the terminal stage of the infection. 
Whether lymphocytosis is indicative of immunity or hypersensitiveness or both 
has not been determined.” Reference will be made to these findings in the 
discussion. 


PROCEDURE 


Total and differential counts were made on 35 Negroes with pulmonary 
tuberculosis. The study was made over a period of six months, but no 
patient was intensively studied for longer than three months. During 
this time total and differential counts were made at weekly or two-week 
intervals. Many of these cases, however, have had occasional counts 
over another three months’ period, and for the most part these occasional 
check-ups tallied with the previous picture. The technique corresponded 
with that used in a previous publication by one of the authors (1). All 
of the technical work has been done in the morning between the hours of 
nine and ten. The bloods were taken by the authors who also prepared 
the smears for examination. The total counts were made by a skilled 
laboratory technician, but the differential counts were made by one of the 
authors and in many instances checked by the other. Their interpreta- 
tion of the type cells in the smears has corresponded with a negligible 
percentage of error. The smears were prepared according to Wright’s 
method. The high power and oil-immersion lenses were both used with 
a comparative negligible percentage of error. 
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In estimating the normal differential counts of the white cells, an 
arbitrary upper limit of 5,000 for neutrophiles and 700 for monocytes was 
taken. It is felt, however, that a somewhat higher limit for neutrophiles 
might be considered as normal. The normal lower limit for lymphocytes 
was estimated at about 2,000. Each space along the abscissae in 
the charts represents the time element of not over two weeks and in 
most cases of one week. A space along the line of ordinates represents 
500 cells. 

From a study of the X-ray pictures of the Negro patients in this series 
we have classified the types of diseases into three general groups. The 
first or favorable group comprises those cases showing, on X-ray, shadows 
interpreted as representing scattered discrete infiltration and fibrosis, 
usually situated in the upper third of the lung and including the apex. 
There is no evidence of cavity or collateral inflammation in this group. 
Serial pictures over several months’ duration show the pathological 
process to be arrested. Of the 35 cases studied, seven fall in this group. 

The second and by far the largest group consists of those cases which 
correspond to the most unfavorable type of disease as we see it in the 
white race. The pathological picture interpreted in the X-ray is made 
up of infiltrative processes of varying degrees of intensity and extent. 
This infiltration may or may not be surrounded by a collateral inflamma- 
tory process. This, however, plays a minor rdle when compared to the 
marked fibrotic changes and cavity-formations which are usually seen. 
The whole process may extend throughout the lung and there is prac- 
tically always a history of chronicity with slow extension to final death. 
Nineteen cases comprise this group. 

The third and most interesting group, from the point of view of both 
lung pathological changes and blood picture, is composed of massive 
exudative tuberculosis resembling on X-ray a first infection as seen in 
the acute childhood-type tuberculosis. Unlike the two groups men- 
tioned above, the lesion is usually situated subapically and may comprise 
the volume of one lobe or more. The life of this group is comparatively 
short, and in many cases death occurs in a few months. The picture 
does not remain wholly exudative in type, however, but in many cases 
before death cavity develops and there may be slight signs of fibrosis 
present. In other words there is some evidence of healing and resistance 
even in this type of disease. This plays a distinctly minor réle, how- 
ever, in this group. Nine such cases have been studied. 

After making a study of the leucocytic reaction in the peripheral blood 
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in these cases we have found that there is a very definite correlation 
between the blood picture and the pathological picture as interpreted in 
the X-ray. In the first group in which serial X-rays show the process to 
be arrested and there is no cavity present, the favorable type of leuco- 
cytic reaction indicating healing and arrest of the disease is seen. The 
lymphocytes are definitely elevated and the monocytes and neutrophiles 
remain within normal limits. Arrested disease both in the white and 
negro races gives the same type of favorable leucocytic picture. 

In the second group the total leucocyte count is found to be practically 
always definitely elevated. The high neutrophile count plays a promi- 
nent réle, since abscess-formation, as evidenced usually by cavity- 
formation, is a prominent feature. The lymphocytes in this group are 
usually moderately to markedly elevated above the normal level and 
vary in the same individual from time to time. The monocyte fluctuates 
from week to week. One week it may be definitely elevated and the next 
will find it well below the normal base-line. Although usually elevated, 
the important point to bring out in this group is that there is definite 
fluctuation with no definitely constant high elevation. This would seem 
to correspond to most of the chronic types of tuberculosis with cavity in 
the white race and would indicate alternating periods of activity and 
arrest of the disease. From a clinical standpoint most chronic tubercu- 
losis cases show this irregularity in the course of the disease. They will 
be referred to again in the discussion. 

The third and perhaps the most interesting and instructive leucocytic 
picture is observed in those cases showing the massive exudative lesion 
with little evidence of fibrosis. Here we find the monocyte playing the 
chief réle. It is found definitely and constantly elevated, showing little 
or no fluctuation. This would indicate a continuous spread of the 
disease with little or no evidence of an arrested phase as seen in the 
second group. The lymphocytes are also elevated in this group but 
apparently play a very minor réle. It will not be attempted to pub- 
lish a graphic description of all the cases studied in this series, but on the 
other hand a few have been selected to illustrate the important types 
in question. In four individuals just before death the blood pictures 
were found to have departed from the usual type of reaction to the 
disease in question. These cases will also be discussed under case reports. 
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Case Reports and Interpretation 


Case 1: J.C. Colored male, age 31, admitted January 23, 1930. Diagnosis: 
Minimal “A.” Small amount of discrete infiltration and fibrosis both apices. 
Blood work begun March 5 and completec May 15. Counts taken every two 
weeks. No symptoms or X-ray change over a period of eight months. Tem- 
perature and pulse normal. Sputum negative. 

Chart 1: Illustrates blood findings in this case. The neutrophiles have been 
in practically every instance reduced in actual numbers, showing no tendency 
in the pathological process to abscess-formation. The monocytes have been 
constantly within normal limits, showing no new tubercle-formation to be 
taking place. The lymphocytes have been constantly and definitely elevated 
in actual numbers. This indicates repair and good resistance. This case is 
of the favorable type and the prognosis is considered to be good. The blood 
picture in this type of tuberculosis is the same in the negro and white patients. 


Case 2: C.H. Colored female, aged 30, admitted June 11, 1930. Diagnosis, 
Far Advanced “C.” Rather marked infiltration with some collateral inflam- 
mation, right lung. This, however, plays the minor réle. Cavity two inches 
in diameter in the upper right with marked fibrosis. This appears to be the 
outstanding pathological change. Temperature 101°-102° on many occasions 
during the blood study. Pulse 110-130. Blood work begun June 19, 1930, 
and completed on July 31, 1930. Counts made at weekly intervals. 

Chart 2: Illustrates the leucocytic reaction to the disease. This case is 
classified under group II, as mentioned in the text and represents the compara- 
tively slowly progressive lesion. Here we see as the outstanding feature the 
fluctuation of the monocytes above and below the normal base-line. They 
are for the most part definitely elevated and thus represent progressive disease 
with new tubercle-formation. When below the normal level we are dealing 
with a nonprogressive phase of the disease. The lymphocytes are for the 
most part definitely elevated and thus mean resistance. We believe that they 
are a manifestation of the immunity process and influence the subsequent 
course of the disease. The neutrophiles are moderately elevated and indicate 
abscess-formation. The above picture is seen in the more chronic progressive 
type of disease. The ultimate prognosis is poor in this case. The blood 
picture in this type of disease is commonly seen in the white patient with sim- 
ilar pathological change. 


Case 3: V.O. Colored male, age 25. Admitted December 15, 1929, with a 
diagnosis of Far Advanced “C.” Moderate amount of infiltration surrounded 
by collateral inflammation in the upper two-thirds of left lung. The right 
lung showed only a moderate amount of infiltration in the middle third. Ar- 
tificial pneumothorax was attempted on left with only partial success. On 
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May 1, 1930, X-ray showed only a pocket of pneumothorax on left with a very 
definite exudative spread on the right side. Temperature 102°-103°; pulse 
110. Blood work begun on June 19, 1930 and completed on September 5, 1930. 
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Chart 3: Gives a graphic description of the leucocytic reaction to the disease 
in this case. Here the chief lesion is exudative in character and the monocyte 
is seen to play the most prominent réle. It is found to be constantly and defi- 
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nitely elevated on all examinations and is indicative of a continuous progres- 
sive process. There is no evidence of an arrested phase of the disease as seen 
in the previous case. The neutrophiles are definitely elevated in this type of 
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case and indicate abscess-formation with absorption of toxic products. Al- 
though the lymphocytes are elevated in this type of disease, it is believed that 
they have not undergone a qualitative change, as is thought to be the case in 
the more chronic type of lesion, and therefore play a minor réle in the immu- 
nity process. In such cases, as is brought out in the text, the elevation of 
lymphocytes may accompany allergy and make an attempt at fixing the 
bacilli, but, without immunity and that qualitative change in the lymphocytes 
which goes with immunity, they cannot prevent the growth of the organisms 
and cause their disintegration. 


Cases 4,5,6 and 7: W.W.,C.C.,A.M.and J.H. The following is a report 
on four colored adults: Blood examinations were made just before death in 
these patients and, as will be pointed out, the blood pictures departed from the 
normal type of reaction in such cases. From the X-ray interpretation of ex- 
isting pathological process in these cases, two fell into the second group and two 
into the third, as already described. The first of the patients in group II 
showed a definite leucocytosis, consisting chiefly of the polynuclear variety 
while the lymphocytes and monocytes were extremely low. Two counts on 
this individual are as follows: Neutrophiles, 16,285 and 12,512, lymphocytes 
540 and 816, monocytes 675 and 272. In the other patient in this group there 
was a leucopoenia with markedly low lymphocytes and monocytes. The neu- 
trophiles although actually reduced in numbers were comparatively high in 
percentage. Two counts in this patient taken a week apart are as follows: 
Neutrophiles 4,284 and 3,864, lymphocytes 663 and 552, monocytes 153 and 
184. The other two cases, ordinarily falling into the third group according to 
the exudative type of lesion, showed slightly elevated and low total counts 
respectively. In these cases the lymphocytes were again low whereas the 
monocytes were actually high. The first case in this group, A. M., showed the 
following picture: Neutrophiles 7,047 and 7,040, lymphocytes 783 and 704, 
monocytes 870, and 1,056. The other case, J. H., showed the following picture: 
Neutrophiles 3,828, lymphocytes 990, monocytes 1,782. It is evident in all 
these cases that the immunity process was definitely low and yet reaction to 
the disease in the two groups was different. Patients falling into group II 
often run a long-drawn-out chronic course and eventually die without showing 
any appreciable spread in the pathological process. In other words some of 
these patients die from cardiac or renal failure. This is evidenced by oedema 
of the extremities and in some cases even by ascites. Oedema of the extremi- 
ties was noted in the above two cases falling in group II. The blood picture 
at the time of death clearly indicates no evidence of resistance, as indicated by 
the low lymphocyte count and also no evidence of spread of the disease as indi- 
cated by a low monocyte count. The two cases showing exudative tubercu- 
losis just before death showed also an actual increase in the monocytes in the 
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peripheral blood. Here the patient probably dies from toxaemia rather than 
from gradual failure of the cardiorenal system and therefore the differences in 
the types of blood pictures might thus be accounted for. 

One of the cases, W. W., failed to react to 1 mgm. O.T. just before death. 
This indicates a state of anergy or at least a lowering of the skin hypersensi- 
tiveness to tuberculin. Low lymphocyte counts have been found to accom- 
pany anergy and high lymphocyte counts have been found to be consistent 
with allergy. This, however, does not disprove the theory that lymphocytes 
after acquiring a qualitative change due to repeated reinfection, as will be 
further described, aid materially in the immunity process. We would expect 
therefore, some cases at death to have low lymphocytes due to loss of the 
immunity process as well as to the loss of skin hypersensitiveness to tuberculin. 


DISCUSSION 


At the beginning of this investigation it was thought that a better 
understanding might be obtained concerning the mechanism of immu- 
nity in tuberculosis by studying the leucocytic reaction to the massive 
exudative type of disease seen not infrequently in the Negro race. Here 
our attention has been focused chiefly upon the monocyte, for it is in 
progressive disease that the monocyte has been shown to play by far the 


most important réle. In a previous study of the réle of the leucocytes 
in tuberculosis as seen in white patients there was no opportunity to 
study the reaction of the monocyte to exudative tuberculosis per se, 
since this type of disease has been rarely seen except in pathologically 
mixed types in white patients. In this study, therefore, we expected to 
find a much higher elevation in the number of monocytes than has been 
found in the white patient with the less acute type of progressive disease. 
It was found, however, that the monocytes, although not more elevated 
in actual numbers, were more constantly elevated from week to week and 
showed no tendency toward fluctuation above and below the normal 
base-line, as is the case in chronic progressive disease. Although no 
histological examination of the lungs of any of these cases has been made 
postmortem, it would be reasonable to believe that a diffuse mononucleo- 
sis of the lung tissue might be found. Such were the findings of Cunning- 
ham, Sabin, e¢ ai. (3) in the lungs of tuberculous rabbits showing no 
evidence of resistance and showing definite elevation of the monocyte 
over the lymphocyte in the peripheral blood-stream. These investiga- 
tors have gone so far as to suggest that, since spread of the disease takes 
place through the medium of the monocyte, a checking of the production 
of the monocyte together with its phagocytic power by a possible anti- 
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monocytic extract might protect the body from further spread of the 
disease. Although it is true that tubercle bacilli multiply extracellularly 
in the tissues it would appear almost conclusive that the monocyte plays 
the chief réle in the spread of the disease This has been clearly illustra- 
ted in the acute exudative tuberculosis in the Negro. It is evident in this 
type of disease that there is a very low immunity. In the more chronic 
progressive case, as already stated above, there is an alternating tendency 
toward both acute and nonprogressive phases of the disease. ‘This is 
indicated by the fluctuation of the monocyte above and below the 
normal level. The lymphocytes in this type of disease are in many 
instances definitely above normal. 

It is believed by the authors that the lymphocyte plays a very im- 
portant réle in the immunity process in tuberculosis. Elevation in the 
actual count of lymphocytes in the peripheral blood has been interpreted 
generally as meaning resistance. When such an elevation exists in the 
presence of a normal neutrophile and monocyte count we have found 
uniformly an arrested lesion without cavity. In other words, such a 
picture is found in scattered discrete infiltrative processes with varying 
amounts of fibrosis. ‘There is of necessity no evidence of exudation in 
the X-ray picture and the patient is free from clinical symptoms, partic- 
ularly elevation of temperature. 

In this study, particularly of the acute exudative types of tuberculosis, 
we have also found the lymphocyte almost uniformly definitely elevated. 
Some of the terminal cases are exceptions to this rule, however, as already 
mentioned, and in the exudative type of tuberculosis we get as the most 
prominent finding a constant and definite elevation of the monocyte and 
neutrophile. This type of disease in the Negro, in our experience, pro- 
gresses as a rule to a rapidly fatal termination. How are we to reconcile 
the high lymphocyte count in such a pathological lesion? In a previous 
paper one of the authors (1) suggested that the ability of the lympho- 
cyte to gain the upper hand depended, perhaps, upon the size of the 
infecting dose of tubercle bacilli. We cannot, however, attribute the 
frequency of exudative tuberculosis in the Negro to massive infection in 
every case. Assuming that the acquired immunity to the disease in 
both the white and Negro races to be the same, we would not expect this 
type of disease any more frequently in the Negro than in the white race. 
It follows, therefore, that there must be a lack of some restraining force 
in the Negro race which is present in the white race and which modifies 
the disease with resulting chronicity. 
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It has also been suggested previously by one of the authors (1) that 
when the lymphocyte was elevated in the exudative type of disease some 
resistance must have been present, but that in such cases the lymphocyte 
was playing a minor réle against great odds. Can such a picture in the 
Negro with exudative tuberculosis be interpreted in the same light as 
that seen in the more chronic type of disease in the white patient? It 
may be that the lymphocyte and lymphocyte-forming organs, perhaps 
through some chemical process, undergo a gradual qualitative change 
throughout the several years of childhood and adolescence due to the 
constant and repeated seeding of the white race with tuberculosis. In 
the Negro, due to a possible comparative lack of repeated infection in 
early life, the lymphocyte may fail to obtain this qualitative change. 
The tubercle bacillus may therefore fail to be checked in growth whether 
it be intracellular or extracellular, and acute exudative tuberculosis 


results. 
It might be argued that the percentage of Negro children reacting to 


the tuberculin test is as high or higher than that seen in a like group of 
white children. The fact that these Negro children reacted to tubercu- 
lin would indicate only that they had been previously infected with tu- 


bercle bacilli. It would not mean that they are equally immune to the 
infection, nor would it disprove the theory that Negro children fail to 
receive the equally repeated seeding with the tubercle bacillus. This 
would fit in with Opie’s (5) (6) work on the type of pathological process 
found in the adult Negro at autopsy. He showed that there was dis- 
tinctly less evidence of past infection in the adult Negro as compared 
with the white adult. This would also fit in with the belief that allergy 
and immunity are distinctly separate entities and do not necessarily go 
hand in hand. 

This brings us back again to the lymphocyte and the part it plays in 
the immunity process. Although Gardner (4) has shown that skin 
hypersensitiveness and lymphocytosis in the peritoneal fluid appear 
simultaneously in a previously infected animal and tend to decrease in 
severity at the same time during the terminal stage of the infection, this 
would not exclude the belief that lymphocytosis may be also an expres- 
sion of immunity. It is difficult to believe that a first infection with 
tubercle bacilli could cause a high degree of immunity. It is just as 
difficult to believe that a lymphocytosis as a manifestation of the allergic 
state could play a large réle in the immunity process.. They might assist 
in fixing bacilli and preventing immediate spread. It is believed that 
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repeated infection of an individual definitely increases his immunity to 
the disease, and a lymphocytosis in an immune animal not only means 
elevation in the number of lymphocytes, but it also means that they have 
been changed qualitatively due to repeated infection. In the immune 
individual it is believed that the lymphocyte definitely serves to check the 
growth of bacilli and cause their disintegration resulting in a more chronic 
type of disease, or in arrested disease in the very favorable case. It 
might not be going too far astray at this time to conceive of the proba- 
bility of allergy as being produced by one particular fraction of the bacillus 
and immunity by another. This might explain the fact that allergy and 
immunity may each be present in an individual without the other. 
Branch in an unpublished paper as reported by Rich (7) states that “ac- 
quired immunity in tuberculosis in complete absence of allergy has been 
produced by means of a special method of immunization with dead 
tubercle bacilli.” 

Apart from the above theories as to the mechanism of the immunity 
process in the body we may further theorize along different lines with 
regard to this same subject. There is evidence to show that irradiation 
of an individual with ultraviolet light increases his nonspecific immunity 
to disease. It would seem that since the most successful clinical results 
have been obtained with certain forms of tuberculous disease, irradiation 
may also possess selective specific reactions. Spence and Griffith (8) 
report that after treatment with the mercury-quartz lamp there is a 
definite increase in the total number of white cells with a tremendous 
increase in the percentage of small lymphocytes. We have shown in our 
own institution that the black Negro can withstand an exposure to the 
alpine lamp which under the same conditions in the white patient would 
cause a very definite local skin reaction with constitutional symptoms. 
Too, the Negro has not been found to respond well to ultraviolet light 
treatment. It might be conceived that the ordinary exposure of the 
white race to the sun’s rays up to adult life possibly supplies throughout 
this period a certain energy which produces a cumulative protective 
change perhaps in the lymphocyte-forming tissue and increases the 
immunity to tuberculous disease more so than in the Negro, since the 
Negro is unable to absorb and utilize properly the rays on account of 
his pigmentation. There has been no satisfactory explanation as yet 
for the reversal of the leucocyte picture as seen in early childhood to that 
of the adult picture. As we know, the lymphocytes in the child cor- 
respond in percentage to the polymorphonuclear leucocyte in the adult. 
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What is it that has caused this reversal of picture? Could this change 
be due to the combined reinfection of practically all individuals with 
tubercle bacilli during early life and up to the time the blood picture 
changes? Perhaps it may be due also to a reinfection with other organ- 
isms. Acute infection always causes a sharp rise in the polymorpho- 
nuclear leucocytes, which come down to their normal level in a given 
individual after the infection has subsided. Why could we not theorize 
that continued reinfection with tubercle bacilli and perhaps other organ- 
isms produces a chronic infection which gradually causes a general change 
of the leucocytic picture from the childhood type to the adult type. 
At the same time we may theorize that the lymphocyte-producing tissue 
functions to prevent this chronic reinfection from producing disease. 
Even though the percentage of lymphocytes becomes smaller as we 
approach the adult picture there has been a qualitative change in the 
lymphocyte-producing tissue which makes for immunity. 


SUMMARY 


(1) The mortality rate from tuberculosis among Negroes is in many 
localities three to four times as great as the rate for the white race in the 
same locality. 

(2) Acute exudative tuberculosis rarely seen as such in the white race 
is not an uncommon finding in the Negro. 

(3) A comparative lack of continuous reinfection of the Negro race with 
tubercle bacilli throughout the early years of life is believed to be a 
definite factor in altering the immunity process and modifying the sub- 
sequent development of the disease. 

(4) Lack of proper absorption of ultraviolet rays by the Negro may 
be a factor in altering the immunity mechanism in the body. 

(5) The monocyte in the peripheral blood plays by far the most out- 
standing rdéle in the exudative type of tuberculosis. Here it is constantly 
elevated above the normal level and shows no fluctuation above and 
below the normal line as is the case in chronic progressive disease. This 
indicates continuous spread with no evidence of an arrested phase of the 
disease. 

(6) Elevation of the lymphocytes in tuberculosis is definitely associ- 
ated with the arrested phase of the disease and is a manifestation of the 
immunity process. It is believed that the lymphocyte acquires a quali- 
tative change following continuous reinfection throughout the preadult 
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period and thereby aids in preventing growth of bacilli in the body and 
also in causing their disintegration. 

(7) The elevation in neutrophiles indicates a reaction to the absorp- 
tion of toxic products of abscess-formation. 


We wish to express to Dr. Lawrason Brown our deep appreciation for his helpful suggestions 
and criticism of this paper and also for the stimulus he has given us in writing it. 
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A CORRELATION OF CLINICAL DIAGNOSES AND PATH- 
OLOGICAL FINDINGS WITH SPECIAL REF- 
ERENCE TO TUBERCULOSIS 


An Analysis of Autopsy Findings in 893 Cases! 
MAURICE LEWISON, ELLIS B. FREILICH ann OSCAR B. RAGINS 


The present investigation was undertaken with the object of an 
extensive clinicopathological study of various phases of tuberculosis, 
the types of tuberculosis encountered, the distribution and frequency of 
tuberculous lesions in the various organs of the body, the clinical errors 
in diagnoses of tuberculosis, circumstances under which these have been 
made, and other clinical problems that may be of value. 

With this in mind we have reviewed the entire autopsy material of the 
Cook County Hospital from January, 1917, to April, 1928, which com- 
prises a total of about 8,800 cases. Of this total number, 893 cases 
have been selected for our study. These 893 cases were classified in 
three main groups, as follows: 

Group I consists of cases with a clinical diagnosis of different types 
of tuberculosis. The clinical diagnosis in these cases was also confirmed 
by the autopsy findings that the cause of death or important contributing 
cause was unquestionably due to some type of tuberculosis or its compli- 
cations. The total number of cases in this group was 656. 

- Group IT consists of cases with a variable clinical diagnosis but never 
associated with tuberculosis. The postmortem examination proved, 
however, that the cause of death or important contributing factor was 
unquestionably due to some type of tuberculosis. The total number 
of cases in this group was 148. 

Group III consists of cases with a clinical diagnosis of various types 
of tuberculosis, but at the autopsy it was found that the cause of death 
was due to a number of different conditions and that no active tubercu- 
losis, macroscopic at least, was found. The total number of cases in 
this group was 89. 


1 From the Tuberculosis Service of Cook County Hospital and the Department of Medi- 
cine, University of Illinois, Chicago, Illinois. 
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The 656 cases with a clinical diagnosis of various types of tuberculosis 
and confirmed at autopsy were recorded as follows: 


Pulmonary tuberculosis 
Miliary tuberculosis 
Tuberculous meningitis 
Tuberculous pleurisy 
Tuberculous laryngitis 
Tuberculous enteritis 
Tuberculous peritonitis 
Genitourinary tuberculosis 
Tuberculous pericarditis 
Addison’s disease 
Lymph-node tuberculosis 
Bone and joint tuberculosis 
Skin tuberculosis (lupus) 


The 148 cases of group II have been arbitrarily classified with the 
chief postmortem findings as an index for classification as follows: 


Pulmonary tuberculosis 
Miliary tuberculosis 
Tuberculous meningitis 
Tuberculous peritonitis 
Tuberculous enteritis 

Bone and joint tuberculosis 
Lymph-node tuberculosis 
Genitourinary tuberculosis 
Addison’s disease 


The clinical diagnoses of the 148 cases of group II were given as follows: 


Bronchopneumonia and lobar pneumonia 
Lung abscess 


Various types of meningitis 
Cerebral thrombosis 
Cerebellar pontine neoplasm 
Brain abscess 

Subdural haemorrhage 
Delirium tremens 


2 The clinical diagnosis largely was taken as an index for classification. 
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Hydrocephalus 
Eclomyssia 


Pyaemia 

Malignant endocarditis 
Cirrhosis of liver with ascites 
Retroperitoneal sarcoma 
Septic peritonitis 

Pelvic abscess 

Hodgkin’s disease 

Sickle-cell anaemia 

Kidney tumors 

Nephritis and uraemia 
Diabetes 

Marasmus 

Starvation 

Carcinoma of oesophagus 
Carcinoma of stomach 
Carcinoma of rectum 
Carcinoma of liver 
Ulcerative colitis 

Carcinoma of pancreas 
Carcinoma of prostate 
Hypertrophied prostate and uraemia 
Bone and joint syphilis 
Congenital syphilis 
Cerebrospinal syphilis 

Brain syphilis 

Syphilitic hepatitis 
Osteoarthritis 

Multiple diagnosis 


The clinical diagnosis in cases of group III was given as follows: 


Pulmonary tuberculosis 
Miliary tuberculosis 
Tuberculous meningitis 
Tuberculous lymph nodes 
Tuberculous peritonitis 
Tuberculous enterocolitis 
Tuberculosis of rectum 
Tuberculosis of kidney 
Bone tuberculosis 
Tuberculous pleurisy 
Multiple diagnosis 
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The essential pathological findings in the same group of cases were 
as follows: 


Lobar and bronchopneumonia 
Carcinoma of lungs 

Abscess of pleura 

Carcinoma of pleura 
Gangrene of pleura 
Bronchiectasis 


Acute vegetative ulcerative endocarditis 
Typhoid fever 

Brain tumor (cerebellar) 

Brain abscess 


Poliomyelitis 

Septic and epidemic meningitis 
Syphilitic meningitis 

Epidemic encephalitis 

Cancer of oesophagus 

Cancer of stomach 

Cancer of pharynx 

Cancer of ovaries 


Retroperitoneal sarcoma 
Hodgkin’s disease 

Acute septic peritonitis 
Amoebic abscess of liver 
Amoebic colitis 


The total number of cases of tuberculosis studied is 804, comprising 
the cases of various types of tuberculosis of groups I and II, and were 
classified according to the principal lesions as follows: 


Pulmonary tuberculosis 
Miliary tuberculosis 
Tuberculous meningitis 
Tuberculous pleurisy 
Tuberculous laryngitis 
Tuberculous enteritis 
Tuberculous peritonitis 
Addison’s disease 
Tuberculous pericarditis 
Lymph-node tuberculosis 


Advanced cardiovascular-renal disease. 
80 
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they were recorded in the clinical histories: 


Cases of Pulmonary Tuberculosis 


Pulmonary tuberculosis and myocarditis. 
Pulmonary tuberculosis and cerebral thrombosis..............0..0eeceeeees 
Pulmonary tuberculosis and nephritis and 
Pulmonary tuberculosis and bronchial 
Pulmonary tuberculosis and lymphadenitis. 
Pulmonary tuberculosis and tuberculous enteritis..................00e0000 
Pulmonary tuberculosis and cardiac decompensation and tuberculous enteritis. 
Pulmonary tuberculosis and tuberculous enteritis and tuberculous laryngitis. . 
Pulmonary tuberculosis and tuberculous meningitis.................22-000- 
Pulmonary tuberculosis and tuberculous peritonitis....................005. 
Pulmonary tuberculosis and nephritis and cardiac decompensation........... 
Pulmonary tuberculosis and tuberculous pericarditis....................0.. 
Pulmonary tuberculosis and tuberculous laryngitis.....................000. 
Pulmonary tuberculosis and pericarditis with effusion..................000. 
Pulmonary tuberculosis and tuberculous pleuritis..................5eeeeeee 
Pulmonary tuberculosis and aortic aneurysSM..............cesccecccesccens 
Pulmonary tuberculosis and Banti’s disease. .............00scscccccccccees 
Pulmonary tuberculosis and 
Pulmonary tuberculosis and malignant tumor of larynx..................0.. 
Pulmonary tuberculosis and tuberculous 
Pulmonary tuberculosis and tuberculous peritonitis and tuberculous pleuritis. . 
Pulmonary tuberculosis and tuberculous lymph nodes. 
Pulmonary tuberculosis and cancer of cesophagus................eeeeeeeeee 
Pulmonary tuberculosis and tuberculous peritonitis and nephritis............ 
Pulmonary tuberculosis and 


While the majority of the cases in group I had a single, clear-cut 
diagnosis, some of the cases, however, had a diagnosis consisting of 
several types of tuberculosis; again, some of the cases along with the 
chief diagnosis of tuberculosis had some nontuberculous condition 
associated with it. The following table gives the clinical diagnoses as 
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Pulmonary tuberculosis and rickets 

Pulmonary tuberculosis and pleurisy and tonsillitis 
Pulmonary tuberculosis and otitis media 

Pulmonary tuberculosis and miliary tuberculosis 
Pulmonary tuberculosis and septic arthritis 

Pulmonary tuberculosis and bronchiectasis 

Pulmonary tuberculosis and sacroiliac trouble 
Pulmonary tuberculosis and Potts’ disease and myelitis 
Pulmonary tuberculosis and purpura haemorrhagica 


Miliary Tuberculosis Cases 


Miliary tuberculosis 

Miliary tuberculosis with tuberculous meningitis 

Miliary tuberculosis with tuberculous bronchopneumonia 
Miliary tuberculosis with tuberculous testicle 

Miliary tuberculosis with diabetes and tabes 


Tuberculous Meningitis Cases 


Tuberculous meningitis 
Tuberculous meningitis with pelvic peritonitis 
Tuberculous meningitis with tuberculous knee 


Tuberculous meningitis with tuberculous lymph nodes 
Tuberculous meningitis with tuberculous peritonitis and nephritis 
Tuberculous meningitis or syphilitic meningitis 

Tuberculous meningitis and Pott’s disease 

Tuberculous meningitis and lobar pneumonia and tuberculous lymph nodes. . . 


Tuberculous Peritonitis Cases 


Tuberculous peritonitis 
Tuberculous peritonitis with pleurisy with effusion 
Tuberculous peritonitis with tuberculous meningitis 


Tuberculous peritonitis with tuberculous pericarditis and tuberculous spine... 


Tuberculous peritonitis and chronic endocarditis 


Genitourinary Tuberculosis Cases 


Tuberculous kidney and bladder 
Tuberculous salpingitis and peritonitis 
Tuberculous cystitis 

Genitourinary tuberculosis 
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Lupus Vulgaris Cases 


Tuberculous Pleurisy Cases 


Tuberculous pleurisy and tuberculous spine. 1 


Tables 1 to 10 show the distribution of tuberculous lesions and their 
frequency in the various orgaris of the body in the different types of 
tuberculosis 'studied. Under the general term of “Presence of Tubercu- 
losis,” all possible pathological processes in tuberculosis were included, 
from the simplest unit, the tubercle, to extensive ulceration and caseation 
as well as fibrosis and calcification. It will be noted that while the first 
three types of tuberculosis, namely, pulmonary, miliary tuberculosis 
and tuberculous meningitis, constitute a little over 91 per cent of the cases 
studied, the remaining ten different types of tuberculosis, which consti- 
tute only 9 per cent of the cases, have been tabulated also in full detail. 

In table 1 there are several important factors which should be em- 
phasized. Out of the 482 cases of pulmonary tuberculosis there was 
not a single case recorded with tuberculous pathological changes in the 
bases of the lungs without involvement of the upper lobes at the same 
time. 

The frequency of tuberculosis of the pleura associated with pulmonary 
tuberculosis shows only 6.9 per cent. It should be added, however, 
that, while a normal pleura was recorded in 48 cases, the great majority 
of the cases, 400, had some degree of unilateral or bilateral pathological 
process consisting mainly of fibrous adhesions or fibrous obliteration 
of the pleural cavity. 

Tuberculosis of the larynx associated with pulmonary tuberculosis 
shows only 5 per cent. It is surprising to note how the frequency of this 
complication in pulmonary tuberculosis has been stated so differently 
by various authors. Thus, Harold Borwell (1) found at the Mount 
Vernon Sanatorium 11.69 per cent among 1541 tuberculous patients. 
Brandenburg (2) gives it as 9.16 per cent. John B. Hawes (3) found 
only 8 per cent among 1,245 patients. Percy Kidd (4) found that 50 
per cent of fatal cases of phthisis showed tuberculous laryngitis at the 


2 
a 
| 7 
| 


HONASAad AO 


(snan) 
NIAS 


SISOTADaAGAL ZO 
AO ADVINAOAAd 


SISOT 
INIO[ GNV 


A0 
AZONASAaAd AO ADVINAOAAd 


sIs 
AGON-HAWAT 


SISOTNDAAGAL AO 
AONASAad AO AOVINAIAAd 


-Iqdavordad | 


1$ 


SISOTNOAAGAL AO 
AONASAaAd AO 


2-1 28.5) 4 


asvasid 


SISOTNOAAANL 
WFONASAAd AO FOVINANAAd 


80 


types of tuberculos 


SISOT 
AAVNIANOLINAD 


10 
GONASAaAd AO ADVINANAAd 


in various 


SILINOLIGad | 


JO 
AONASAAd AO AOVINANAAd 


SILIAAINA 


atory organs 


ur 


AO 
FONASAad AO 


100 | 4 | 66.6) 19] 59.4) 4 


XNAUVT | 


tS TES 


40 
ZONASAAd AO ADVINANAAd 


SAOTANAAGAL | 


of tuberculos 


O 


JO 
AO ADVINANAAd 


SILIONINAW | 


AO 
AO ADVINAOAAd 


Distribut 


AAVITIN | 


AO 
FONASAAd AO AOVINAOAAd 


448) 92.9) 90} 93.7/127) 86.9] 7 |100 
2} 0.4) O 


AAVNONTNd | 


Both pleurae...........| 23} 4.9] 9] 9.4] 6! 0.4! 3 | 42.6] 0 


Trachea and bronchi... . 


Right pleura. .. 


‘© Number of cases......./482 
Right lung only......... 
Left lung only... 


wm 


= 
% 
N 
N 
| 
co 
=6§r 
i 
2 | 
NAN 
o 


TABLE 2 


10ons 


tuberculous condit 


in various 


in the heart 


Presence and distribution of tuberculos 


AO 


ZONASAd AO AOVINANAAA 
(sadn) 
“| OO SO 
SISOTOOMAGNL AO an 


SISOT 
INIOf GNV 


17 


1 


40 
FONASAad AO AOVINANATA 


sIs 
AGCON-HdWAT 


IO 
GONASTAd AO ADVINAIAAd 


3.5 


AAVNONTOd 


1 
17 


SISOTNOUAANL AO oO 
SIL 
-lqavoragd aio“ 
SISOTNDAAAAL AO 
FONASAAd AO ADVINAMAAd 
asvasia s.nosiaay | ~ | 
SISOTNOAAAAL AO 
JONASAAd AO | ooo © 
SISOT 
SISOTNOAAGAL AO 
| | ono o 
SISOTAOAIAAL IO 
AONASAAd AO AOVINAIAAd | = 
| No) | © 
SISOTNOATANL AO 
AONASAAd JO ADVINAOAGA | 
SILIONAUVT | | ea 
SISOTNOAAGAL JO 
AONASAUd JO AOVINADAAA | 
~ 
FONASAAd AO AOVINAOAAd 
SILIONINIA | tlono 
SISOTAOAAANL JO 
AO AOVINAOAAd 
AAVITIN | 


482 


Number of cases........ 


: 
Eg 
5 
Oo 
= 


| 
| 
- 
L 
| 
3 
| 
160 


CORRELATION OF CLINICAL AND AUTOPSY DATA 161 


autopsy. Fishberg states that the estimate that one out of three patients 
with active phthisis has a laryngeal lesion appears to be correct. 

Table 2 deals with the frequency of tuberculosis in the heart structures. 
Tuberculosis of the pericardium is quite infrequent and the statistics 
in this table bear this out. Joseph Walsh (5) in autopsy reports from 
the Henry Phipps Institute found it in 2 out of 54 cases. Further 
autopsy reports of this institute give it as a less frequent incidence. 

Tuberculosis of the pericardium may occur in acute or chronic types. 
In the acute form it is usually accompanied by a serous or fibrous exudate. 
In the chronic forms great thickening of the layers of the pericardium 
takes place. This thickening consists of dense, fibrous tissue containing 
varied-sized pockets of caseous material. 

Tuberculosis of the myocardium is even more rare than tuberculosis 
of the pericardium. It is usually found in a miliary form accompanying 
a generalized miliary tuberculosis, and less frequently as large caseous 
nodules (chronic miliary tuberculosis). Tuberculous lesions of the 
visceral pericardium usually affect the muscle bundles of the myocardium, 
to some extent at least. This is especially true if the lesions are extensive. 

In table 3 caseous as well as calcified and healed tuberculous lymph 
nodes are included. The tonsils have been put in for sake of convenience 
in the same table with the lymphatics. It will be noted that the tonsils 
were involved only in 5 of the 482 cases of pulmonary tuberculosis. 

Table 4 shows the frequency and distribution of tuberculous lesions 
in the various parts of the gastrointestinal tract in the different types of 
tuberculosis. The great majority of the lesions, especially those com- 
plicating pulmonary tuberculosis, were those of ulcerated lesions, single 
or multiple ulcers. 

Tuberculosis of the oesophagus has been found with a frequency of 
0.8 per cent in pulmonary tuberculosis and 1 per cent in miliary tubercu- 
losis. Tuberculosis of the oesophagus may be due to an extension of a 
tuberculous process from a caseating mediastinal lymph node. 

The frequency of tuberculous ulceration of the stomach shows 1.4 per 
cent complicating pulmonary tuberculosis. Joseph Walsh (6) found one 
tuberculous ulcer of the stomach out of 54 cases. It can be noted, there- 
fore, that tuberculosis of the stomach is rather rare. Several reasons 
have been offered to explain the apparent immunity of the stomach in 
tuberculosis: 

First, that the power of absorption of the stomach is less than in the 
intestinal tract. 
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Second, that the few lymph nodes present in the stomach do not offer 
a suitable soil for the bacilli. 

Third, that the gastric secretion, while not destructive to tubercle 
bacilli, may bring about such changes in the bacilli as to prevent them 
from infecting the organ. 

The frequency of tuberculous ulceration complicating pulmonary 
tuberculosis in the various parts of the intestines is 47 per cent. This is 
less than given by other authors. Thus, Lewis (8) found tuberculous 
lesions of the intestines in five-sixths of his cases. Boyle and Lebert (9) 
found tuberculous lesions in the gastrointestinal tract in two-thirds of his 
cases. Williams (10) found 81 per cent of tuberculous intestinal ulcera- 
tions. C. Y. White (7) found still higher percentages of tuberculous 
ulceration,—56 out of 57 cases in the small intestine and 51 out of 57 
in the large intestine. 

It will be noted in this table that the most frequent occurrence of 
tuberculous ulceration is in the ileocaecal region. C. Y. White (7) 
attempts to explain this fact as follows: 

First, that it may be due to stagnation of intestinal contents in the 
lower part of the ileum and in the caecum. The fact that the faeces 
of all advanced cases of pulmonary tuberculosis contains a great number 
of tubercle bacilli would, in itself, suggest that the lesions would be more 
numerous where the intestinal contents move slowly. 

Second, the great amount of lymphoid tissue in the walls of the intes- 
tines in this region undoubtedly offers favorable soil for the growth of 
tubercle bacilli. 

In view of the great frequency of tuberculous ulceration of the intes- 
tines complicating pulmonary tuberculosis, one readily notices the great 
discrepancy between the number of cases diagnosed tuberculous enteritis 
antemortem, as compared with the findings at autopsy. 

Table 5 shows the distribution of tuberculous lesions in the genito- 
urinary organs in the various types of tuberculosis. 

Tuberculosis of the kidney may occur in acute or chronic miliary 
tuberculosis and is of an ulcerative type of tuberculosis. It may arise 
from a blood-stream infection, from an extension of a tuberculous process 
in the lower urinary tract or from direct extension of a tuberculous 
process in the neighboring organs. The lesions, in the vast majority of 
cases, were recorded in the form of small tubercles, which varied in 
number, location and distribution, usually, however, in the cortex. 

Tuberculosis of the ureters is usually due to extension of a tuberculous 
process from the kidney or bladder. 
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Tuberculosis of the prostate is usually secondary to a tuberculous 
process elsewhere in the urogenital tract. The organ becomes enlarged 
owing to a caseous process which eventually may ulcerate in the neighbor- 
ing organ. 

Tuberculosis of the seminal vesicle is usually secondary to a tuberculous 
process elsewhere in the body and is frequently the first involvement in 
the genital organs. 

Tuberculosis of the female genitalia is usually a secondary process 
arising from an extension of a tuberculous peritonitis or tuberculous 
enteritis. Only in rare instances may it be a result of blood-stream 
infections. 

Table 6 shows the frequency of tuberculous lesions in the endocrine 
glands. The vast majority of lesions are those of one or more tubercles. 
The apparent immunity to tuberculous processes of some of the endocrine 
glands can be noted. 

The only speculative explanation that can be offered is that some of the 
endocrine glands, such as the pancreas or thyroid, etc., are not a favor- 
able soil for the growth of the tubercle bacilli, on account of either the 
tissue or the type of internal secretion. A tuberculous testicle is rare 
while tuberculous epididymitis is more frequent. 

Table 8 shows the frequency of involvement of the spleen, liver and 
peritoneum in the various types of tuberculosis. 

Tuberculosis of the spleen was recorded in all cases as miliary tubercu- 
losis. It is usually due to blood-stream infection. The number of 
tubercles varies with the degree of infection and the size generally with the 
chronicity of the lesions. In some cases several distinct sizes of tubercles 
may be noticed. They result, in all probability, from repeated blood 
infection during the progress of the primary lesion. 

Tuberculosis of the liver may arise from a blood-stream infection as 
in an acute, generalized miliary tuberculosis, or through the portal circu- 
lation and from the lymphatic chain around the bile-duct. 

Tuberculosis of the peritoneum is more frequent in females than in 
males. It may arise as a result of a haematogenous infection, as in 
acute, generalized miliary tuberculosis, from rupture of a tuberculous 
mesenteric lymph node and from tuberculosis in the Fallopian tubes. 
The tuberculous process in the latter is usually secondary to a tuberculous 
process elsewhere. Tuberculosis of the peritoneum may occur in the 
form of a disseminated, miliary type, with ascites, plastic or adhesive 
peritonitis, or caseous nodular peritonitis. 
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Authors differ as to its frequency in pulmonary tuberculosis. Thus, 
Minxoterman (11) found it in 5 per cent of cases. Borschke (12) found 
it in 16.17 per cent of cases; P. Horton and Hartley Smith (13) give 
only 3.4 per cent of cases. 

Table 9 shows the frequency of skin tuberculosis as associated with 
other types of tuberculosis. 

In table 9 one is impressed with the infrequency of skin involvement 
in the various types of tuberculosis. 


TABLE 9 


2 cases of lupus vulgaris 
1 pulmonary tuberculosis with tuberculides 

1 tuberculous meningitis with tuberculosis of the skin 
1 miliary tuberculosis with tuberculides 


TABLE 10 


Pulmonary tuberculosis with dorsal Pott’s 2 
Pulmonary tuberculosis with tuberculosis of all accessory sinuses................00:: 1 
Pulmonary tuberculosis with tuberculosis of the 1 
Pulmonary tuberculosis with lumbar Pott’s disease................00ccceeeeeeeeeees 1 
Pulmonary tuberculosis with cervical Pott’s disease. 1 
Pulmonary tuberculosis with tuberculous hip and i 
Pulmonary tuberculosis with tuberculous skeleton...............0:0:ceeeeeeeeeeeees 1 
Miliary tuberculosis with tuberculous hip and 1 
Tuberculous meningitis with dorsolumbar Pott’s disease. 1 
Tuberculous meningitis with tuberculous sella 1 
Tuberculous meningitis with tuberculous cranial 1 


Table 10 shows the frequency and type of tuberculosis of bone and 
joint associated with various types of tuberculosis. 

In table 10 on bone and joint tuberculosis it should be noted that 
there was not a single case of bone and joint tuberculosis that was not 
associated with some other type of tuberculosis. 


SUMMARY 


This is a preliminary report on the distribution of the pathological 
changes of tuberculosis on a total of 804 autopsies in which tuberculosis 
was found as a cause of death. 
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Analysis is made of 89 cases diagnosed as tuberculosis clinically in 
which no evidence of tuberculosis was found at autopsy. 

Comment is made on the general frequency of various types, but more 
detailed studies of these groups are now in progress and will be reported 
in papers to follow. 


We desire to express our thanks to Dr. Jaffe and the Pathological Department of the 
Cook County Hospital for enabling us to make this study. 
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THE PHAGOCYTOSIS OF TUBERCLE BACILLI BY 
LEUCOCYTES:? 


MAY BORQUIST anp CHARLOTTE ROWE 


The significance of monocytes and clasmatocytes in tuberculosis has 
been emphasized by Cunningham, Sabin, Doan and their coworkers (1) 
(2). These two types of cells, they believe, differ in structure, staining 
characteristics and phagocytic activity, and can be distinguished readily 
by the supravital staining method (4). 

A living monocyte on a neutral-red slide is characterized chiefly by a 
rosette of small vacuole-like bodies around a central clear area, the 
centrosphere, which is usually located opposite the indentation of the 
nucleus. The bodies of the rosette always take a salmon color with 
neutral red. Due to the presence of the rosette, phagocytized material 
is stored in the periphery of the cell, where it is found as larger staining 
bodies, often in vacuoles, which vary in size andincolor. Peripheral to 
these “‘digestion” vacuoles are mitochondria which take the Janus-green 
stain. 

The epithelioid cell, which is found in large numbers in tuberculosis, 
is characterized by a special rosette, and is thought to develop from the 
monocyte, the fine bodies of the monocyte rosette increasing in number 
and decreasing in size to form the rosette of the epithelioid cell. The 
typical giant cell of tuberculosis still has this hypertrophied rosette 
centrally placed and surrounded by nuclei. 

Since, in the epithelioid and giant cells, tubercle bacilli remain intact 
over long periods of time, Cunningham, Sabin and their coworkers (1) 
believe that the bacilli can survive and are able to multiply over long 
periods of time within these cells. The presence of the tubercle bacillus 
within the animal body stimulates the monocyte to change into an epithe- 


1 From the Department of Medicine and the Laboratory of Cellular Biology of the Depart- 
ment of Anatomy of Cornell University Medical College, New York City. 

2 This work was made possible by a grant from the National Tuberculosis Association, 
originally to Dr. Robert Chambers of the Laboratory of Cellular Biology of the Department 
of Anatomy, and subsequently to the Department of Medicine. Grateful acknowledgment 
is made to Drs. Florence R. Sabin, Charles A. Doan, Morton C. Kahn and William Charles 
White for their helpful suggestions. 
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lioid cell and the bacillus is thought to live as a parasite within the trans- 
formed cell. 

Clasmatocytes engulf foreign bodies of large size and the engulfed 
material is distributed in the cytoplasm without any particular pattern 
(3). The digestive vacuoles of the clasmatocyte show a much wider 
range of color with neutral red than do the monocytes. The vacuoles of 
the latter cells show an almost uniform color in a given cell, the shade 
being a salmon tint. When the monocyte is converted into an epithelioid 
cell the tiny vacuoles which characterize these cells take on a carmine tint. 

Sabin and Doan found clasmatocytes from tuberculous rabbits filled 
with acid-fast débris, and concluded that tubercle bacilli are freely 
fragmented, like other ingested débris, by clasmatocytes (2). 


The clasmatocytes are the macrophages of the general connective tissues . 


and respond to the presence of large numbers of tubercle bacilli as to any other 
debris of foreign material, phagocytizing and fragmenting with the attempt to 
destroy vast numbers of the bacilli. There is evidence that in this process 
many clasmatocytes are themselves destroyed. During an infection with 
tuberculosis great numbers of clasmatocytes containing acid-fast debris may 
be found in the tissues. 

With the monocyte, on the other hand, the infection exerts an influence 
whereby this cell becomes the typical epithelioid type, eventually making the 
characteristic lesion of the disease; in the epithelioid and giant cells the tubercle 
bacilli remain intact and apparently survive over long periods of time. The 
epithelioid cell appears in the lung within 24 hours after the injection of the 
bacilli which is correlated perhaps with the observation that in the lung 
normally at all times are to be found numbers of mature monocytes. In other 
organs, this normal presence of monocytes is limited, and may represent one 
of the factors in organ susceptibility; the normal number of monocytes or the 
degree to which monoblasts may be stimulated to development and maturation, 
together with the activity of the clasmatocytes in destroying bacilli, in any 
particular region would appear to be a function of the rapidity and extent of the 
local tubercuJar involvement (2). 


It was thought that, by isolating some of these cells with the Chamber’s 
micromanipulator, some light might be thrown on their character and 
life history. In a previous communication (8) differences in physical 
properties between clasmatocytes and monocytes from guinea-pig 
exudates were described. Manipulation with the microdissection needles 
showed that the clasmatocyte is distinctly more sticky and more viscid 
than the monocyte. When torn with the microneedles the clasmatocyte 
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maintains itself as a granular coagulum which can be stretched, and it 
exhibits some elasticity. A monocyte, on the other hand, is very fragile, 
and it disintegrates, leaving behind nothing appreciable to be manipu- 
lated with the needles. The cells are too fragile to withstand isolation 
by the micromanipulator for further study. 

A second study was undertaken, to compare clasmatocytes and mono- 
cytes by direct observation of their phagocytic activity on bacilli. The 
cells were obtained from peritoneal exudates of rabbits and guinea pigs 
in which the amount of exudate had been increased by injecting blood 
from other animals. The exudate was aspirated with a hypodermic 
syringe which had been previously rinsed with a sterile solution of 0.05 
per cent heparin in physiological saline solution. A loopful of a saline 
suspension of bacilli was stirred into the exudate, and a drop of the 
mixture placed on a supravital preparation of neutral red and studiedin 
a warm-box at 37°C. A Zeiss binocular attachment and a Zeiss 2-mm. 
apochromatic objective, which gave a magnification of 1350, were used 
in these observations. A 60-watt lamp, shining through a flask of dis- 
tilled water as condenser and through a frosted glass, was the source of 
illumination. 

Both types of cells ingested bacilli readily. For example large bacilli 
such as B. welchit and B. coli are ingested readily by both clasmatocytes 
and monocytes. The monocytes tend to show the greater capacity for 
ingestion. The criterion for determining ingestion was the movement of 
the bacilli with the cell cytoplasm. One monocyte was observed to 
move around actively and to continue engulfing B. coli for 9 hours, at 
the end of which time it was filled with dozens of bacilli. 

The clasmatocytes are much slower in movement and in ingesting 
the bacilli. However, many more bacilli were observed sticking to the 
outside of clasmatocytes than were seen on the outside of monocytes. 
It may be that the clasmatocytes retain more bacilli, after coming in 
_ contact with them, than do the monocytes, stickiness performing for the 
clasmatocytes what rapid motility apparently does for the monocytes. 
The difference in stickiness was also borne out by touching the cells 
with the microneedles, the clasmatocytes sticking much more readily 
to the needles. 

The ingested colon and Welch bacilli stain with neutral red a few 
minutes after being engulfed by either clasmatocytes or monocytes. 
Bacilli outside the cells do not take this stain. In both types of cells 
some ingested bacilli were observed, after approximately one hour, to 
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undergo further change, developing ragged and dotted outlines, while 
other bacilli inside the cells remained intact for at least 4 hours. The 
monocytes and clasmatocytes, then, seem to behave similarly toward 
these large bacilli, ingesting them readily and causing them to show signs 
of degeneration. 

To compare the phagocytic activity of these two types of cells toward 
tubercle bacilli, direct continuous observations of living cells from rabbit 
peritoneal exudates with ingested tubercle bacilli (bovine strain 523%) 
were made in a warm-box. The life of the cells under these conditions is 
necessarily limited by the effects of the strong light, lack of oxygen and 
accumulation of waste products in the sealed slide. Clasmatocytes are 
more difficult to keep alive than monocytes, and consequently there are 
fewer observations recorded on them. ‘The average length of life of both 
types of cells observed was 5 to 6 hours. 

Observations made on 17 monocytes and 7 clasmatocytes showed few 
changes to take place in ingested bacilli. Changes occurred only in a 
few monocytes, and consisted of the disappearance of bacilli from two 
monocytes within 3 to 4 hours after ingestion, the disappearance of a 
branch of a bacillus in another monocyte after 35 minutes, while in a 
fourth monocyte a rod appeared more slender after 3 hours. Bacilli in 
12 monocytes and in the 7 clasmatocytes remained intact during the life 
of the cells, which in these experiments varied from 2 to 11 hours, the 
average length of life being 5 to6 hours. A dying cell rounds up, becomes 
nonmotile and its granules show greatly increased Brownian movement. 
The changes described in the bacilli are not considered conclusive evi- 
dence that the monocyte affects the ingested bacillus, since the few 
changes observed were not uniform and may have been due to the fact 
that other cell inclusions distorted or covered the bacilli. 

It is of interest in this connection to record observations made on a 
monocyte from a guinea-pig exudate, which remained alive and motile 
for 22 hours. A long rod bacillus and a clump of 3 small rods from a 
strain of human tubercle bacilli (H37‘), remained unchanged inside 
this cell. 

Cases in which the neutral-red stain was apparently taken up by in- 
gested bacilli were noted, but further experiments showed that the tuber- 
cle bacilli do mot take up the stain. Confysion is apt to occur in such 


’ Bovine strain 523 was obtained through the kindness of Dr. William Charles White. 


It is of moderate virulence for rabbits. 
4 Human strain H37 is a Saranac Laboratory strain of moderate pathogenicity. 
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observations because the vacuole surrounding the bacillus takes up the 
neutral red and sometimes makes the bacillus appear stained. It is 
difficult to tell, without careful focusing on a narrow vacuole, whether 
the red or the white streaks are the bacilli. 

To determine whether there is any difference in staining effect between 
ingested living bacilli and ingested dead bacilli, the following experiment 
was performed: Bacilli, killed by exposure to a temperature of 65°C. 
for one hour, were mixed with cells from peritoneal exudates and incu- 
bated on neutral-red slides for from 1 to 12 hours. Similar preparations 
with living bacilli were used as controls. No bacilli, whether living or 
dead, extracellular or intracellular, took up the stain. Neutral-red 
vacuoles form around bacilli shortly after their ingestion by any type or 
cell (monocyte, clasmatocyte, epithelioid, polymorphonuclear). The 
vacuole then narrows down around the enclosed bacillus, so as to give 
the shape and appearance of a stained rod. Often careful focusing is 
necessary while the cell is changing its position, to see that there is still a 
white streak, the unstained bacillus, in the vacuole. This vacuole forma- 
tion is transitory and seems to indicate an early reaction toward the 
ingested bacillus. The latter remains intact in the cell cytoplasm after 
the disappearance of the vacuole. 

Experiments were performed to determine whether temperature in- 
crease would play any part in phagocytosis. Supravital preparations 
of a mixture of exudate and bacilli were exposed at 42°C. for 2 hours, 
followed by an exposure to 38° for 5 hours. Control preparations were 
exposed to 38° for 7 hours. At the end of this period, smears were made 
by sliding off the cover-slip and the preparations were stained by the 
Ziehl-Neelsen technique. Counts of 25 cells showed the following phago- 
cytic index: 


COMEROL: 

° 38° ror 7 HOURS 
38° For 5 HOURS 


The speed of ingestion seems to be increased considerably at the higher 
temperature. At the end of 7 hours no fragmentation of the ingested 
bacilli appeared to have taken place. In another experiment, in which 
preparations had been exposed to the high temperature for 7 hours, no 
destruction of bacilli in either monocytes or clasmatocytes could be 
observed after Zieh]-Neelsen staining. 

The data from the prolonged observations and from the temperature 
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experiment make it evident that if tubercle bacilli are disintegrated by 
phagocytic cells, the destruction requires a period of time longer than 
permits direct observation, which is from 10 to 12 hours. 

Cells were kept alive for a longer period of time in hanging-drop prepara- 
tions. Exudates of various types, that is, predominantly polymorpho- 
nuclears or predominantly monocytes or predominantly clasmatocytes, 
or a mixture of monocytes and clasmatocytes, were incubated with bovine 
tubercle bacilli. The exudates were obtained by the injection of an 
irritant, 0.5 per cent serum-albumin in physiological salt solution, 
sterilized by boiling. The first reaction is the appearance within several 
hours of many polymorphonuclear cells. After 24 hours the reaction is 
predominantly monocytic. Clasmatocytes begin to appear in good 
proportion (40 per cent) after 4 to 5 days. 

The cells in such hanging-drop cultures lived for varying lengths of 
time, depending upon the type of culture. Cultures in which clasmato- 
cytes predominated lived for only 18 hours, polymorphonuclear cultures 
for 24 hours, mixtures of clasmatocytes and monocytes for 50 hours, and 
monocytes alone for 4 days and longer. After several days the mono- 
cytes became epithelioid in type. All these types of cells, namely, 
polymorphonuclears, monocytes, clasmatocytes, and epithelioid cells 
ingested tubercle bacilli freely. 

After such preparations were stained by the Ziehl-Neelsen technique, 
the intracellular bacilli were seen to be present in various forms, mostly 
as intact rods and granulating rods, less frequently as short rods, granules 
and fragments. The granulating rod, granules and short rods were 
similar to those observed by Kahn in his studies of the life-cycle of the 
tubercle bacillus (5). The term “fragments” is used to indicate acid- 
fast material which is irregular or jagged in outline. Recognizing the 
possibility that the granules may correspond to a stage in the life-cycle 
of the bacillus, a distinction should be made between them and fragments, 
the latter being interpreted as degenerative stages. 

If granulating rods, granules and short rods should be found in greater 
abundance in one type of cell, it would be an indication that reproduction 
of bacilli had been taking place within this type of cell. Similarly, if 
fragments were found particularly abundant in any type, destruction of 
bacilli by that type of cell would be suspected. There was no such 
evidence in our experiments for either reproduction or fragmentation of 
bacilli within cells. 

Intact rods, granulating rods, a few short rods and granules, and a 
few fragments were found in all types of cells and extracellularly as well. 
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There is then no evidence in this work that any change, either degenera- 
tive or reproductive, takes place in bacilli after they have been ingested 
by phagocytic cells, whether polymorphonuclears, monocytes, clasmato- 
cytes or epithelioid cells. 

Attempts were made next, to follow in vivo the fate of bacilli ingested 
by cells. In an experiment in which the peritoneal cavity of a rabbit 
was used as an “incubator,” an exudate containing many clasmatocytes 
was obtained by injection of a suspension of serum-albumin in saline 
solution. Following this, a heavy intraperitoneal injection of tubercle 
bacilli was given. It was hoped that by this method a small amount of 
exudate could be withdrawn from time to time, and the fate of bacilli 
ingested by clasmatocytes could be followed. In this experiment the 
initial polymorphonuclear response to such a dose of tubercle bacilli 
was so overwhelming that all mononuclear cells, including the clasmato- 
cytes, were difficult to find. Sabin found that such a polymorphonuclear 
reaction would cease after repeated daily injections of the phosphatide 
fraction A-3 of the tubercle bacillus, and she suggested that such an 
effect might follow repeated injections of tubercle bacilli. Daily intra- 
peritoneal injections of 0.1 mgm. of bovine tubercle bacilli (523) -were 
made for a period of 21 days. After each injection of the bacilli, however, 
a polymorphonuclear reaction followed, which was as intense at the end 
of 21 days as at the beginning of the experiment. Therefore it was im- 
possible to find many mononuclear cells which had ingested tubercle 
bacilli. 

In a smear of the exudate withdrawn on the 22nd day, the following 
conditions obtained: 


GRANU- GRANULES 
LATING AND SHORT | FRAGMENTS 
RODS RODS 


The bacilli within these cells showed little evidence of degeneration or 
reproduction. 

Attempts were made to repeat the experiments of Sabin and Doan, in 
which they observed apparent multiplication of bacilli inside of epithelioid 
cells and fragmentation of bacilli inside of clasmatocytes. Suspensions 
of bovine tubercle bacilli 523 and 5435 in saline solution were injected 


5 Bovine strain 543 is a more virulent strain than 523 for rabbits, but grows more poorly 
on artificial media (glycerine-agar). 
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intravenously and the animals were autopsied at various intervals after 
the injection. Most of the observations were made on lung smears which 
were stained by the Ziehl-Neelsen technique. 

The results which Sabin and Doan report were observed 4 days after 
the intravenous injection of 5 mgm. of bovine tubercle bacilli, strain B1. 
In the following experiments bovine strains 523 and 543 were used. After 
the same dosage and time-period as described by Sabin and Doan no 
massive accumulations of bacilli were seen as in their experiments. In 
fact it was difficult to locate sufficient bacilli on smears to draw any 
conclusions regarding their fate in cells. 

On autopsy of the rabbits used in the above-mentioned experiments 
relatively few clasmatocytes were found in the lung smears, the reaction 
being primarily monocytic. To stimulate the production of clasmato- 
cytes, intrapleural injections of serum-albumin were given. These were 
followed by intravenous injections of tubercle bacilli. Unless large 
doses of tubercle bacilli (more than 10 mgm.) were given very few bacilli 
could be found in the lungs at autopsy after the 4-day period. 

With more massive injections, 15 mgm. or more, acting over a longer 
period of time, 8 days or longer, it was possible to make differential 
counts of the lung smears, noting the abundance and condition of the 
bacilli in each type of cell. The bacilli were mainly in the form of 
intact rods and granulating rods. A few granules and a few very short 
rods were seen. These were interpreted by Kahn as forms similar to 
those seen in certain stages of the life-cycle of the bacillus rather than 
signs of degeneration due to cellular action (5). Only a very few acid- 
fast fragments could be found. Moreover, since these fragments were 
occasionally also found extracellularly they may have been ingested in 
such condition by the cells. 

The following tables are representative of the conditions found in lung 


smears: 
TABLE 1 


Lung smears from RO, thirteen days after 21 daily intraperitoneal injections of 1.0 mgm. bovine 
bacilli 523 


NUMBER 
OF INTRA- INTACT 
CELLULAR RODS 

FORMS 


GRANU- SHORT 
LATING RODS AND 
RODS GRANULES 


| per cent per cent per cent 


38 monocytes 142 69.8 21.8 8.4 
38 epithelioids 609 91.1 5.4 0.4 
38 clasmatocytes 229 74.2 14.4 2.6 
Extracellular 26 80.8 re 0 


1 
ted 
| 
FRAG- 
CELLS MENTS 
per cent 
0 
8.8 
11.3 
an 
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Table 2 reports the condition of stained lung smears from a rabbit 
which was killed 5 days after 3 daily intravenous injections of 5 mgm. of 
bovine tubercle bacilli 523. The animal also received intrapleural injec- 
tions of serum-albumin to stimulate clasmatocyte production. 


TABLE 2 


Lung smears from R5, five days after 3 successive intravenous injections of 5 mgm. of bovine 
bacilli 523 


NUMBER 
OF INTRA- INTACT 
CELLULAR RODS 

FORMS 


GRANU- SHORT 
LATING RODS AND 
RODS GRANULES 


FRAG- 
MENTS 


per cent per cent per cent per cent 
22 monocytes 52 75.0 19.2 0 5.8 
22 epithelioids 154 73.4 16.2 0 10.4 
22 clasmatocytes 55 80.0 20.0 0 0 
Extracellular 9 77.8 0 22:2 0 


Tables 1 and 2 show that the bacilli were present in the lungs mainly 
in the form of intact rods or granulating rods. A few granules and a 
few short rods were found and a few acid-fast fragments. The figures do 
not show any evidence of fragmentation by any of the phagocytes. 
Clasmatocytes contain no greater percentage of fragments than do 
other cells. 

Epithelioid cells are shown to contain by far the greatest number of 
bacilli. Presumably this is not due to intracellular multiplication of 
bacilli, because. life-cycle stages (granulating rods, short rods and gran- 
ules) are not any more abundant in epithelioid cells than in other types of 
cells. However, the fact that short rods and granules are relatively 
scarce in all the cells might indicate a disappearance of acid-fast charac- 
teristics at this stage of the life-cycle. The epithelioid cell may contain 
more bacilli because of its longevity. The epithelioid cells remain alive 
much longer than any of the other types of cells in hanging-drop prepara- 
tions. The continuous observations described above have shown the 
likelihood of intracellular bacilli remaining in an intact condition for a 
long period and probably for the duration of the life of the cell under the 
conditions of the experiment. 

There exists the possibility that the bacilli are killed, even though they 
are not fragmented or disintegrated by the cells. That even dead organ- 
isms can play an important part in the disease is shown by the work of 
Sabin and Doan with the injections of chemical fractions of the tubercle 
bacilli (7). Every fraction tested, including fractions from the waxy 
coat, has some effect on the animal. 


| 
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SUMMARY 


1. Micromanipulation of monocytes and clasmatocytes shows that 
they differ in consistency, a monocyte being fragile and easily disinte- 
grated, and a clasmatocyte being distinctly more resistant, more sticky 
and more elastic than a monocyte. 

2. Monocytes and clasmatocytes with ingested tubercle bacilli were 
studied under the following conditions: (1) on flat preparations both 
with neutral red and without stain, kept under continuous observation 
for periods of from 2 to 11 hours, and (2) on fixed and stained smears of 
mixtures of cells and bacteria which had been incubated in hanging drops. 

3. Monocytes, clasmatocytes and epithelioid cells with ingested bacilli 
were studied in smears of lung tissue and peritoneal exudates obtained 
from tuberculous animals. 

4. Under the conditions of these experiments there is no evidence that 
ingested tubercle bacilli 523 or 543 (bovine strains) are fragmented by 
any of the cells studied. Bacilli inside cells neither took up neutral-red 
stain nor appeared disintegrated. The strains of bacilli used were 
different than those studied by Sabin and Doan. 

5. Epithelioid cells contain many more bacilli than other cells but no 
greater number of life-cycle changes were seen within them. These 
experiments suggest the possibility that the longevity of the epithelioid 
cell, rather than the multiplication of bacilli within it, may account for 
its greater content of bacilli as compared with the clasmatocyte. 
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THE URINARY ACIDITY IN TUBERCULOSIS! 


K. LUCILLE McCLUSKEY 


There are many pathological conditions which clinically are often 
designated as “‘acidosis.” In diabetes mellitus, uraemia, nephritis, acute 
rheumatic fever, and certain types of heart disease the heightened acidity 
factor is well recognized. ‘To determine whether or not such a condition 
is present also in tuberculosis was the purpose of this study. 

Normal metabolism results in a production of acid substances which are 
removed from the body largely through the lungs (carbonic acid), through 
the kidneys (sulphuric, phosphoric and organic acids), and through the 
skin especially in pathological conditions of excessive perspiration, as in 
“night-sweats.” With the amount of tissue destruction found in certain 
types and stages of tuberculosis, together with the acid products formed 
as the result of the metabolism of the tubercle bacillus itself (media on 
which the human tubercle bacillus is grown increase in acidity) there is a 
greater demand on the “‘governors” or regulators of body neutrality than 
in health. 

Since no pronounced degree of acidosis has ever been associated with 
tuberculosis a small disturbance in the acid-base equilibrium might be 
expected to appear first in the urine. Therefore a study of the excretion 
of urinary acids would be a better criterion of an acidotic condition than 
the alkaline reserve of the blood and its pH, since the body has great 
resourcefulness in adjusting itself to changes in blood neutrality. 

Acidosis is a condition capable of removing more than normal amounts 
of alkali from the body and results from the overproduction of acids or 
the accumulation of acids due to faulty elimination. The acid waste 
products formed in the body cells as the result of metabolism are neutral- 
ized by the blood alkalis, and transported in the blood-stream to the 
kidneys as salts, where the kidney through its “separator-function” 
returns part of the alkali to the blood, and the rest together with the acids 
are excreted. Thus the urine is normally acid though the amount of free 
hydrogen ion in health is rarely equivalent to an ionized 0.000,01 N acid. 


1From the Research Laboratories of the City of Chicago Municipal Tuberculosis 
Sanitarium. 
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If the acid products on excretion are not neutralized to the usual degree 
by the alkalis of the blood there occurs a condition of acidosis with con- 
servation of blood alkali, and the urinary picture is that of a decreased 
pH, increased titratable acidity, and decreased or normal dibasic phos- 
phate and ammonia. By this procedure the alkali is saved to the blood 
but the kidney is called upon to excrete a urine of a much higher acid 
intensity than normal. This may account for the rather frequent 
occurrence of small quantities of albumin in the urine from tuberculous 
patients. If there be an overproduction of acids and on excretion they 
are neutralized to the usual degree by either the fixed alkalis or ammonia, 
there exists an acidosis without alkali conservation. This condition is 
characterized by withdrawal of the fixed alkalis if the ammonia excretion 
is low, but a sparing of the fixed alkalis if the ammonia is increased. In 
contrast to the above, the urine shows an increase in pH, and a lower 
titratable acidity with an increase in either or both of the dibasic phos- 
phates and ammonia. 

This study on urinary acidity was made on women subjects only, 
because of the difference in creatine metabolism in the two sexes. The 
18 subjects used were divided into four groups; group I, six patients who 
were able to work from three to five hours daily; group II, three patients 
who were confined to bed most of the day; group III, six patients who 
were critically ill; and a group of three normal subjects. 

The urines were free from sugar and albumin, with the exception of two 
patients in the critically ill group who had an albuminuria. The day was 
divided as suggested by McLaughlin and Blunt (1) into a “day period” 
and a “night period,” which was limited to the time the subject was 
actually in bed. This division was made so that the immediate influence 
of diet and muscular activity could be observed. This scheme could not 
be used with the critically ill group who of course were confined to bed all 
of the time, so the night period was arbitrarily chosen as beginning at 8 
P.M., which was three hours after the evening meal, and extending to the 
breakfast time. 

The urine from the two periods was analyzed separately by standard 
methods for ammonia (2), titratable acidity (3), pH (4), creatine (5), 
creatinine (6), and organic acids (7). 


DISCUSSION AND RESULTS 


To conserve space the results are summarized in one table. It was 
found that the average value of the pH of the day period for the first two 
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groups of patients is identical with the average for the normal group, and 
the individual values are within the range found for the normal group. 
The average pH of the night period for group I is below that for the 
normal group, and group II is still lower; the majority show pH values 
below the range for the normals. The average value for group II is 0.6 
pH lower than the average for the normal, which means that the free 
hydrogen-ion or acid intensity is four times as great as in the normal 
group. The total inorganic acidity for these two groups is below the 
normal. Therefore the acidity in these patients is higher when measured 
by the pH and lower when measured by the titratable acidity and 
ammonia. This apparent discrepancy will be discussed later under the 
relation of pH and titratable acidity to each other. 

The creatinine values verify earlier findings in this laboratory (8) and 
work of others (9); that is, the total amount of creatinine and the creati- 
nine coefficient are lowered according to the severity of the disease. 
There seems to be a greater excretion of creatinine per hour during the 
night. This is inconsistent with the conclusions that creatinine is 
usually proportionate to muscular activity, though the increase in the 
night excretion may be caused by a delay in elimination. Rose, Ellis 
and Helming (10) found a similar phenomenon in their feeding experi- 
ment with creatine. 

The creatine values are variable. The group of patients least ill had a 
creatine excretion higher than the normals, but with the other two groups 
the creatine fell along with the creatinine according to the severity of the 
disease. Creatine metabolism will be discussed later on. 

The critically ill patients had an actual increase in ammonia over the 
other two patient groups and the percentage of total acids neutralized by 
ammonia was high, even considerably higher than the normal group. 
The titratable acid was low. This ammonia increase is interpreted to 
mean that there is an acidosis and an overwithdrawal of the fixed alkalis. 
but that the function of ammonia synthesis (perhaps a renal one) has not 
been lost by the critically ill phthisical patient. In some pathological 
states, especially in certain types of nephritis, the ability of the body to 
synthesize ammonia is very much impaired. This perhaps explains why 
we do not have a more pronounced degree of acidosis in tuberculosis. 

The amount of titratable acidity excreted per hour during the night is 
considerably higher than during the day for all groups while the ammonia 
is less; thus the R or ratio of titratable acidity to ammonia is greater 
for the night period. This explains the increase in hydrogen-ion con- 
centration invariably found in the night urine. 
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The values for organic acids are lower in all groups than the normal, 
although the critically ill group shows a decided increase in organic acids 
over the group-II patients. The organic acids per kilo are also higher in 
the critically ill group and in fact higher than the figures show because 
these patients were too ill to be weighed. Some had not been weighed 
for months. The last weight obtained was used in the calculations 
though the present weight was somewhat lower. The excretion of 
organic acids per hour was higher more often during the day, but this 
was variable even in the normal group. 

Goiffon and Blasko (11) in studies on urinary acidity in tuberculosis 
found a hypoacidity as measured by the titratable acidity and ammonia, 
and frequently a decided increase in organic acids,—values as high as 
1732 cc. 0.1 N acid. While my work confirms their values on the 
titratable acidity and ammonia excretion, it does not support their 
findings on the organic acids. In fact the averages for the three different 
groups of tuberculous patients studied is below the average for the normal 
group and the highest value obtained (397) in the tuberculous groups is 
well below the highest value (440) found in the normal group. Only in 
one instance was a high “organic acid value” obtained. That was 
observed with patient J. M. (group III), who had an albumin content of 


2.5 gm. per litre of urine. Before the removal of the albumin the urine 
titrated for an “organic acid value” of 2287 cc. 0.1 N acid and after the 
removal of the protein of 347 cc. 0.1 N acid. Even small quantities of 
albumin (a finding not uncommon in tuberculosis) interfere with the 
organic-acid titration and must be completely removed as was pointed 
out by Palmer (12). 


RELATION OF pH TO TITRATABLE ACIDITY 


The titratable acidity and the hydrogen-ion concentration as measured 
by the pH usually parallel each other but many times they do not. This 
is not to be expected since the titratable acidity as obtained by Folin’s 
method is practically a measure of the acid phosphate, while the pH of 
the system depends almost entirely on the buffer value of the acid-dibasic- 
phosphate ratio. The ingestion of cranberries, plums and prunes, 
because of their benzoic-acid content, will increase the titratable acidity 
and decrease the pH without a parallel increase in the acid phosphate. 
These fruits however are the only ones that react in this manner. 

Neglecting the minor factors that have a small effect upon the titratable 
acidity and pH values, the equilibrium equation given below shows how 
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it is possible with the same titratable acidity to have a variable pH and 
vice versa. ‘There is often a wide range of titratable acidity with the 
same pH. For example, A. D., group I, had a pH of 5.0 witha titratable 
acidity of 242.9 cc. 0.1 N acid while A.S., group II, with an identical 
pH had a titratable acidity of 77.7. On the other hand, an identical 
titratable acidity with a variable pH was observed in A. M., normal 
group, and B. D., group I. The former had a titratable acidity of 89.7 
cc. 0.1 N with a pH of 5.5, while the latter with the same titratable acidity 
of 89.6 had a pH of 6.6. 

The hydrogen-ion concentration of a buffer system can be roughly cal- 
culated with the aid of the general equation for such equilibria. H = 
: x te HA is the acid, the dihydrogen-phosphate ion, H2POQ,; MA isa 
mixture of dibasic phosphates, as NagHPO, and (NH,)2HPO,. In acid 
solution the ammonium salts are not hydrolyzed to any great degree and 
therefore neutralize the same quantity of acid as do the fixed alkalis. k is 
the ionization constant of the acid H,PQ,, and is numerically equal to 
2 X 10-7; y is the degree of ionization of the salt which under the condi- 
tions present is about 0.8. With a pH of 6.6 (concentration of H = 2.5 X 
2x 10-7 NaH,PO, 

0.8 Na,HPO, 
ratio of NaH,PO, to NazHPO, is 1 to1. If the pH is 5.2 (concentration 
2X 10-7 NaH2PO, 

Na,HPO, 


and the 


10-") the equation becomes 2.5 X 10-7 = 


of H = 63.1 X 10-7) the equation is 63.1 X 10-7 = 


and the acid-dibasic-phosphate ratio is 25.24 to1. 

Comparison of the results on patients E. A., group III, and An, group 
II, will illustrate the effect of this phosphate ratio. The night specimen 
of urine from patient E. A. had a pH of 5.2, with a titratable acidity of 
72.8 cc. 0.1 N acid in 390 cc. of urine or a concentration of acid phos- 
phate (assuming the titratable acidity is a measure of the acid phosphate) 
of 187 cc. 0.1 N per litre. The day specimen from patient An had a pH 
of 6.6, with a titratable acidity of 110.8 cc. 0.1 N acid in 615 cc. of urine 
or a concentration of acid phosphate equal to 180 cc. 0.1 N per litre, 
which shows that, with practically the same concentration of acid phos- 
phate, the difference in pH is due to difference in dibasic phosphate. 
With the help of our equilibrium equation we find that with a pH of 5.2 
the acid phosphate must be 25 times as concentrated as the dibasic phos- 
phate, and with a pH of 6.6 the concentration of the two phosphates is 
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about equal. For patient E. A. with a pH of 5.2 the total amount of 
inorganic acid removed from the body in terms of phosphoric acid is about 
75 cc. 0.1 N acid, while patient An, with a pH of 6.6, excretes an amount 
of acid equivalent to 221 cc.0.1 N. Thus the acid intensity (free hydro- 
gen ion) in the first patient is 14 times as high as in the second patient, 
while the second patient excretes 3 times as much acid. A high pH witha 
high titratable acidity indicates the removal of much alkali from the 
body. Low pH with a low titratable acidity indicates the removal of 
little alkali, while a high pH with a low titratable acidity or a low pH 
with a high titratable acidity indicates that the alkali removed falls 
between the two extremes. Only when the values for pH and titratable 
acidity are studied together can we arrive at any conclusion regarding the 
quantity of acid and base eliminated. 


CREATINE METABOLISM 


To interpret the creatine findings in these tuberculous subjects the 
present knowledge of creatine metabolism will first be summarized. 
Creatine is a normal constituent of muscle fibres and is ingested in the 
form of meat. Whether the body can synthesize this substance is yet 
unknown and the mode of utilization and excretion is still in doubt. 
However the metabolism of this substance is usually different in the male 
and the female. While the adult male under normal conditions of health 
and diet or upon feeding creatine rarely excretes it, the excretion of 
creatine or creatinuria appears to be a normal metabolism in the adult 
female though this excretion may be intermittent. The finding of crea- 
tine in the urine in the normal female subjects studied by McLaughlin and 
Blunt (1), the similar findings of Rose, Ellis and Helming (10), together 
with the data presented here which report the finding of creatine in the 
urine in every one of the 18 subjects studied, seem to confirm the above 
statement. In one patient the night urine did not contain creatine while 
the day specimen did, and in another just the reverse was observed. 

That creatine can be converted into its anhydride creatinine by the 
body seems certain from the work of Rose, Ellis, and Helming (10). 
These investigators found that both the male and female subject could 
transform creatine into creatinine, for 33 per cent of ingested creatine 
was recovered in the male as creatinine and 42 per cent in the female. 
The conversion of creatine into its anhydride by the body is not in 
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keeping with the early views of Folin (13), Klercker (14), and Wolf and 
Schaffer (15). 

Furthermore the excretion of creatine can be of both exogenous and 
endogenous source in the female. Following haemorrhage, and in 
starvation and fevers there is an increase in the urinary excretion of 
creatine which probably is derived from the catabolism of muscular 
tissue and is therefore of endogenous origin. Rose, Ellis and Helming 
(10) found in a prolonged feeding experiment with creatine that 15 per 
cent of ingested creatine was recovered in the urine of the female subject 
but none in the male, thus proving its exogenous source. In this study 
an increase in both creatine and creatinine, especially the former, was 
noted with a high meat diet in the normal subject, E.S., who is ac- 
customed to a low consumption of meat. Undoubtedly there is a personal 
equilibrium established, based on the supply and demand of the individual 
organism. The increased elimination of creatine with fevers and 
following the ingestion of acids or high acid-forming diets, as observed by 
Underhill (16) and McCollum and Steenbock (17), and the lowered 
creatine content in muscle tissue, always associated with a general lack of 
nutrition and wasting occurring in the course of a chronic disease like 


tuberculosis, indicate that two opposing forces must be present in 
tuberculosis. It is anticipated that the result of the cachectic condition 
would predominate and hence we should have a lowered creatine excretion 
in the female tuberculous patient in the far-advanced stages. Our 
findings corroborate this in that the creatine values for the critically ill 
patients are far below the other groups. 


SUMMARY 


1. The acid intensity, as measured by the pH, was found to be higher 
than normal, especially in the night urine in tuberculous patients not of 
the critically ill group. The critically ill group had less free hydrogen 
ion due to a decided decrease in titratable acidity with an increase in 
ammonia. 

2. Creatinine and the creatinine coefficient decrease from the normal 
according to the degree of illness. 

3. There is a greater excretion of creatinine per hour during the night 
in the normal group and in two of three patient groups. 

4. Creatine follows the creatinine curve though the decreases are more 
pronounced. 
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5. Ammonia excretion decreases in order with the first two patient 
groups but increases in the critically ill group. There is likewise a 
greater percentage of total acids neutralized by ammonia in this group, 
even exceeding the normal by over 50 per cent. 

6. The excretion of inorganic acids per hour is higher at night for all 
groups, while the ammonia is less, which explains the increased R ratio 
and the higher free acidity (lower pH) invariably found in the night 
urine. 

7. The excretion of organic acids per hour is higher more often during 
the day but this variable. 

8. Total inorganic acids fall consistently from group I through group 
III. 

9. Total organic acids are lower in all groups than the normal though 
the critically ill, group shows an increase over group IT. 

10. The quantity of inorganic acid slightly exceeds the organic in all 
groups save the critically ill. 

11. The total quantity of acid (inorganic and organic) eliminated in 
terms of cc. 0.1 N varies from about 500 cc. in the critically ill to 900 cc. 
in the normal group. 


12. Tuberculosis causes a mild but no pronounced degree of acidosis. 
At first the body attempts to meet the demand by conserving the blood 
alkali, thereby causing the excretion of a urine of higher acid intensity. 
In more advanced stages there is evidence of some depletion of blood 
alkali by the increase in urinary ammonia. | 

13. A diet preéminently base-forming would assist the body in over- 
coming this acidosis. 
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ADDRESS OF THE PRESIDENT! 


HENRY BOSWELL 


It has been the custom for years for this Association to have inflicted 
upon it a President’s address. It is my privilege now to punish you for 
whatever length of time I see fit in accordance with this custom. 

I wish to express my appreciation in the beginning for the honor which 
the Association has conferred on me during the past year and assure you 
that it has been a pleasure to serve and to lend whatever assistance I 
could to the organizations of this country. 

Our Association to-day is still a growing one, stronger year by year 
both in membership and in finances, the organization extending surely 
and rather rapidly to unorganized territory, and increasing in the terri- 
tory that has heretofore been considered as fairly well organized. Under 
the able leadership of your managing director, Dr. Kendall Emerson, 
the past year has been one of increased usefulness and more intensive 
well-planned campaigns for effective organization. He and the members 
of the staff have worked untiringly in carrying on the office in New York 
and an increased field service, and by so doing have brought in closer 
association the ideas of the various sections of the country and have 
attempted sincerely to carry out the policies outlined by the representa- 
tive and democratic Board of Directors. The Executive Board and the 

various committees have joined enthusiastically in the team-work that 
has made possible the close codperation of the whole organization, with- 
out having emphasized any one part to the detriment of the other; and 
it is evident at this time that the entire organization is more closely 
following the principles and policies outlined by the Board than in any 
time in the history of our Association. 

We have for the past several years boasted of the continual decline i in 
the mortality rate from tuberculosis in this country and have justly 
claimed our part of the credit in this reduction. During the past year 
we have gone through, and are continuing to go through, a great economic 
change or a depression, from the high tide of income to the citizens of this 


1 Delivered at the twenty-seventh annual meeting of the National Tuberculosis Association, 
Syracuse, New York, May 12, 1931. 
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country, which, if our information is correct that tuberculosis is a disease 
as a result of various conditions and circumstances, will cause under 
ordinary conditions a marked increase in our mortality rate for the next 
one, two, or three years, unless it is possible by the interest of various 
organizations of this country, including the official agencies, that an in- 
creasingly intensified health service be given to those who are affected 
most by lack of nourishment, housing facilities, clothing, and other 
necessities of life, which hold the normal resistance to that point where 
tuberculous disease is kept in abeyance. And it is with this in mind that 
we and all other volunteer agencies must enter into a determined drive 
for the next several months to increase the interest of our citizenship and 
to encourage the official agencies in the appropriation of public funds for 
the control of disease and the alleviation of hunger. This to my mind is 
one of the greatest problems confronting the Association during the next 
one or two years. 

Our Association has been fortunate in the past in rapidly increasing 
the seal sale which is the principal source of income from which our Asso- 
ciation is financed. During the past year in spite of the financial crisis 
the sale was only moderately reduced from the year before. If we expect 
to accomplish the task above set forth, it is necessary during the coming 
year for us to use every possible agency to bring the seal sale back to its 
normal increase and to induce our philanthropic friends of this country 
to contribute of their means; and by pooling these, as we have heretofore 
in the various affiliated associations and in the National office, we will be 
able to continue our work in increasing development of new experiments. 
The latter is quite necessary for the reason that public monies cannot 
properly be spent for experimenting in new fields, and it is our place to 
do this experimental work and, when proved a sound policy, to endeavor 
to secure the action of public or official agencies in assuming responsibili- 
ties properly belonging to them. 

To those of us who have experiences in those communities where the 
community-chest system is used for collecting monies for the various 
welfare organizations it is necessary, of course, as in the past, that we lend 
every codperation to the community-chest organization, but in doing this 
to insist that it should not prevent the annual seal sale,—not because of 
the money involved, for it is quite conceivable that the community chest 
might raise more local money than the seal sale, yet the little seal which 
has been used in this country for many years has a fixed place, that 
cannot be replaced, in the education of the public mind to the prevention 
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of disease. It has been an annual reminder during the Christmas holi- 
days all of these years that we owe to humanity a thoughtfulness of 
personal interest and of finances, a debt that we appropriately pay during 
the celebration of this glorious holiday season. The National Tubercu- 
losis Association and this little holiday messenger has worked on a basis 
and recognizes the principle of leadership as expressed by the poet in 
the two following lines: 


Know ye that every soul is free 
To choose his life and what he will be 


and, by so recognizing, have been able heretofore to lead an uninterested, 
untrained, and often superstitious public into the right paths of practical 
application of scientifically sound principles to the promotion of health, 
happiness, and an economically sound community, mentally able to 
demand of their official bodies that they take their rightful place as a 
part of sound and practical governmental functions. 

During the past several years our Association has spent, and wisely so, 
a great deal of time encouraging the building of sanatoria in this country. 
To-day practically every state and large city of this country is served in 
some measure by a sanatorium, often inadequate for the needs of the 
community, yet a step toward the consummation of the ideals of our 
Association born years ago; but it seems to me that during the next few 
years a great deal more time and energy should be expended in the pro- 
mulgation of a more intensive health work. In other words, nothing to 
my mind could be a greater undertaking than for each affiliated organiza- 
tion and the National office to codperate with the state health commis- 
sioner and other interested organizations in the securing of proper health 
organizations manned by a trained personnel and the most practical 
scientific equipment for every country within our territory, and at the 
same time to expend every effort in securing codperation of the various 
representatives in the American Congress for an increased health service 
by the United States Government. ‘This is more necessary at this time 
than at any time in the past for the reason that modern transportation 
has placed our population on rapidly moving wheels and an individual 
dangerous in one community to-day is probably a menace to a com- 
munity five hundred miles away to-morrow. Likewise, disease in a 
foreign country to-day is one with us to-morrow and with our present 
organizations of this country we are inadequately prepared to deal with 
this practical problem. I am reminded that the usual excuse of our 
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“dear public” is that the cost in the control of disease is too great; yet 
during the year 1929 there was expended in this country more than 
$125,000,000 for quack remedies in the treatment of disease and only 
approximately $75,000,000 for all of the health work of the United States. 
It is our problem and our duty to teach the American public that one 
hundred and twenty-five million could be much more profitably added 
to the seventy-five and thus ensure them against the necessity of such 


treatment. 


Research Work 


Professor Huxley said, ‘Science is, I believe, nothing but trained and 
organized common sense, differing from the latter only as a veteran may 
differ from a raw recruit; and its methods differ from those of common 
sense only so far as the guardsman’s cut and thrust differ from the manner 
in which a savage wields his club.”’ 

For almost two thousand years there was practically nothing done in 
the way of research which would give us scientific information of such a 
character that we could depend upon it for a definite weapon in the fight 
against this disease. As you know, several years ago the National 
Association began to finance research work, and it is useless for me to 
tell you that the work of this committee and of those who worked with 
the committee has given us information that has made possible the or- 
ganization of the fight against the disease in a common-sense way in which 
we may fight as a veteran, and not as we once did as a raw recruit, by 
which our thrust at this disease may be that of the trained guardsman 
and not of the clumsy club of the savage. While there has been some 
criticism of this practical piece of work by those who are not familiar 
with any part of it except that which is shown in the annual report of the 
expenditure of money, I wish to remind you it is our duty and that we 
could render no greater service to humanity and to our country than that 
of encouraging this group of research workers, adding to their actual 
grant and securing wherever possible from philanthropic sources addi- 
tional monies to make possible the unfolding of the curtain that separates 
ignorance from knowledge and places in our hands a scientifically proved 
method of dealing with the various problems in the control of this dis- 
ease. It is to be hoped that the clinical research committee will be 
given additional support by your codperation with the Board of Direc- 
tors, and the American Sanatorium Association, which is a child of this 
organization and which is composed of the greatest body of scientifically 
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trained men in this line of work in the world, will be given every oppor- 
tunity and every financial encouragement to continue the practical 
application of the various discoveries our laboratory men are giving to 
us each year as possible agencies in the control of this disease. 


Children 


During the past several years our research men have practically proved 
to us that all tuberculosis is contracted in early life and that actual disease 
is a result of conditions and circumstances in later life; in other words, 
they have proved to us that in the treatment of tuberculosis, both human 
and bovine, we are dealing with the end-results or the filtrate of ignorance, 
carelessness, and indifference of the past generation. In the develop- 
ment of the world and of the human family each generation’s duty is to 
accumulate all of the knowledge possible as an inheritance which may 
be handed to the next generation for improvement of civilization and of 
human happiness for the benefit of our institutions and for the develop- 
ment of our country. With these ideals in mind it is our duty, with the 
information at hand, to consider as our greatest problem the conserva- 
tion of child life. It is true that so far a great deal has been done, and it 
is quite possible that the tremendous increase in heart disease, kidney 
disease and cancer is merely a compensatory increase, due to the fact 
that the child life is being conserved to such an extent that a far greater 
number of people are reaching the so called cardiorenal and cancer ages. 
Granting this, however, to be true, it means that these people whom we 
are conserving for this age are able to apply many years of useful citizen- 
ship and productive activity to the welfare of human kind to the various 
nations of the earth before they reach the ages of the above-named 
diseases. It is our duty in addition to this to assume our responsibility 
for the lives of those who are entrusted to us. I believe that those of 
you who are students of the Bible will agree with me that if there is 
one definite promise given us it is for a life of three-score years and ten. 
If this be true, then it is obvious that the young lives of this country are 
mine and your responsibilities, and by accepting this responsibility we 
assume that we will protect them against the devitalizing and crippling 
effects of disease, and against the suffering incident to disease. That we 
will in every way endeavor to ensure them happiness and assure the 
Supreme Being who gave us life that we will perform the duty of human- 
ity and protect them in such a way that when they come to final judgment 
they can appear before the Great Judge in His own image and not that 
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of deformed crippled individuals who would be walking advertisements 
to Him that you and I had not performed our duty. By accepting our 
responsibilities and protecting them against the various diseases it would 
not be necessary to have the tremendous expenditures for the erection of 
certain types of hospitals and their maintenance by public monies; it 
would ensure to our government, should we be called upon again to take 
stock, that her population would be physically able to assume the re- 
sponsibilities of citizenship. It would obviate the necessity of the wel- 
fare origanizations passing through various institutions and listening to 
heartbreaking cries of the little children who are there as a result of our 
mistakes, and suffering because we did not apply the scientific knowledge 
in our hands. 

By serving humanity in this way, by taking our responsibilities of the 
young as we see it and by serving humanity in the way we are taught by 
Him who walked the shores of Galilee I am sure we could understand 
with Dickens what he said with reference to children: 


They are idols of hearts and of households; 
They are angels of God in disguise; 

His sunlight still sleeps in their tresses; 
His glory still gleams in their eyes. 

Oh, those truants from home and from heaven, 
They have made me more manly and mild, 

And I know now how Jesus could liken 

The kingdom of God to a child. 
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INTRAPLEURAL PNEUMOLYSIS 


B. NOLAND CARTER! 


The necessity for converting a partial artificial pneumothorax into a 
complete one is evident from a review of the literature of which Matson’s 
(1) figures may be taken as representative. In a series of 850 cases of 
pulmonary tuberculosis, he has found that, when artificial pneumothorax 
was complete, 48 per cent of such cases could be classed as “apparently 
well,” 20 per cent as “arrested,” and 21 per cent as “‘died;” but, when 
artificial pneumothorax was incomplete, only 13 per cent were found to 
be “apparently well,” 13 per cent “arrested,” and 50 per cent “died.” 
The presence of adhesions is the chief factor in preventing a complete 
collapse of the lung in artificial pneumothorax, so that the problem of 
how to release such adhesions is an important one. Division of adhesions 
may be accomplished either by an open thoracotomy or by cauterization 
through the thoracoscope. 

The original method of Jacobaeus has been modified and improved 
upon considerably in the past few years, with a consequent improvement 
in the percentage of cures and a decrease in the number of complica- 
tions. Head (2) has recently collected 357 cases from the literature, all 
of which were treated by cauterization of adhesions through the thoraco- 
scope. He finds that in 80 per cent of these a satisfactory collapse en- 
sued after cauterization, and that 70 per cent of the total number were 
“clinically improved,” 5.6 per cent were “clinically made worse,” and 
1.9 per cent ‘“‘died” from operation. He denies that the complications 
following cauterization by means of the thoracoscope are as frequent as 
they are usually thought to be. It would appear therefore that the 
method of Jacobaeus, as modified at present, is of unquestionable value 
in certain selected cases and in the hands of experts. 

In looking over the reports of open intrapleural pneumolysis, one 
gets the impression that it is a dangerous method, is frequently unsuc- 
cessful and should be discarded. The complications of empyema, loss of 
pneumothorax, fistula and shock are stressed. Thus, Alexander (3) 


1 From the Department of Surgery, University of Cincinnati, Cincinnati, Ohio. © 
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after discussing the method says, “The facts given in the present chapter 
warrant the conclusion that thoracoplasty is preferable to a pneumo- 
thorax which must be preceded by so risky an operation as open intra- 
pleural pneumolysis.” Eloesser and Brown (4) feel that the value of 
open intrapleural pneumolysis is doubtful owing to the danger of in- 
fection. I believe that these views are unjustifiable for several reasons. 
They are based on the reports of a few cases. The number of cases 
which have been treated by one intrapleural pneumolysis is quite small. 
For instance, Archibald (5) states that he has done two cases; Grav- 
esen (6) reports two cases; Watson (7), two cases; and Eloesser (4), 
four cases. I know of no series of as many as 20 cases. The idea of 
open pneumolysis has frequently been a wide opening in the chest- 
wall, with forcible manual liberation of the adherent lung in the case 
of wide bands and folds, or with double ligation and division in the 
case of round, fleshy, string adhesions. These procedures are open to 
the objections of shock, haemorrhage and infection. 

An open intrapleural pneumolysis has the appeal of being a clean-cut 
surgical procedure. With the chest open, the adhesion can be well 
exposed, its attachments, location and character determined by direct 
vision and palpation, and, what is more important, it can be dealt with 
readily in a surgical manner not possible through a thoracoscope. I fail 
to see why it is open to any danger that is not encountered in a closed 
method except possibly that of shock, since it is the more momentous 
procedure. I have not been troubled by shock in my cases and I believe 
that with care it can be avoided. The danger of infection by opening 
the chest is nil, and, since the adhesions can be more directly dealt with, 
the possibility of soiling the pleural cavity by dividing the adhesions is 
less than in the closed method. The principle of the open operation is 
correct, and I do not believe the method should be condemned merely 
because a few operations have not been successful. Archibald (5) states, 
“T submit that an open incision which allows one to hook up a band of 
adhesions and ligate and divide it in the wound is a much safer procedure 
[than closed cauterization]. This I have done in two cases with excellent 
results.”’ O’Brien (8) has recently expressed his views on open pneumo- 
lysis as follows, ‘‘As it is usually the large, thick adhesions that prevent 
collapse and as they are more safely cut by the open method, I prefer 
this and have had excellent results with it.”” There are situations in 
which the open pneumolysis is to be preferred to the closed. One of 
these is in the case of wide bands and folds which are said to be dangerous 
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and unsatisfactory with cauterization through the thoracoscope. An- 
other is found in the case of heavy, fleshy, round adhesions, which are 
readily divided by means of the open but are more difficult and danger- 
ous with the closed. In any type, the procedure about to be described 
in this paper seems preferable from the point of view of avoiding the 
danger of cutting into the lung, with consequent possibility of soiling, 
and from the point of view of ‘avoiding haemorrhage. 

The requisites of an open pneumolysis should be that it be done in ” 
such a way as not to cause shock, that the danger of tearing the lung it- 
self with consequent contamination of the pleural cavity be obviated, 
that haemorrhage from the vessels in the adhesions be controlled and, 
finally, that the adhesion itself be not torn. We know that cavities may 
be prolonged into adhesions, that there may be caseous nodules in the 
adhesion, and that lung tissue is nearly always pulled out into the 
adhesion. Consequently, cutting across the adhesion may contaminate 
the pleural cavity, either by opening a tuberculous cavity, by cutting 
through a caseous area, or by cutting through lung tissue. It is for 
this reason that I feel that many instances of pleural-cavity infection 
have followed ligation and division of the adhesions. It is likewise evi- 
dent that attempts at forcible freeing of a wide band or of an area over 
which the lung is directly adherent to the chest-wall will almost surely 
cause the lung to tear before the tough adhesions will give way. 

In order to obviate these accidents I have been releasing adhesions by 
cutting through the parietal pleura all around the attachment of the 
adhesion to the chest-wall, and peeling the pleura and adhesion off in one 
piece, just as one does in the case of bowel which is densely adherent to 
‘the parietal peritoneum. If it is difficult to complete the incision all 
about the attachment before commencing to peel it away, then the inci- 
sion is made about the portion easily accessible, the stripping is begun 
and carried beyond the attachment to the wall, and then the pleura is 
incised with a curved scissors. It is surprisingly easy to strip the 
adhesion and parietal pleura away. Few vessels are encountered and a 
perfectly smooth surface is left on the lung side. After the freeing is 
completed, the cuff of the pleura is carefully sutured with a Cushing stitch 
c! fine catgut, so as to cover over the raw area and leave no raw edge of 
ling exposed. We have entered the pleural cavity by resecting from 4 
t 6 inches of a rib and spreading the opening with a rib spreader. The 
| cation of the attachment of the adhesion to the chest-wall is determined 
I 


fore operation by stereoscopic X-rays and such a portion of a rib 
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nearby is chosen for resection which will give best access to the attach- 
ment. 

I have performed four operations according to the method described. 
There have been no infections in the series and. the patients have done 
well after operation. One patient had a considerable amount of sub- 
cutaneous emphysema after operation. This was the patient in whom 
a portion of the pleura beneath the resected rib lay directly over the 
attachment of the adhesion to the chest-wall and had to be removed from 
the chest-wall with the adhesion, with a consequent inability to close the 
pleura tightly. Small effusions occurred in each case, but not enough 
to be troublesome. I feel that it is important to X-ray the patients 
promptly after operation and to be sure that there is enough positive 
pressure in the pleural cavity to keep the lung compressed, since the 
lung is apt to expand so quickly that it may be difficult to get it down 
again. The operations have not been difficult technically and have not 
caused shock or unusual disturbances in the patients. 


Case 1: E. W.; female; age 35 years; admitted to the Cincinnati General 
Hospital, November 8, 1925, from the Hamilton County Tuberculosis 
Sanitarium. 

She had been a patient in the Sanitarium for two years. On admission there 
she was found to have an extensive, far-advanced, pulmonary tuberculosis 
involving chiefly the left side. There were two large cavities in the left upper 
and considerable caseous bronchopneumonia below it. The right side was es- 
sentially clear. A pneumothorax was done and followed by 74 refills. A good 
collapse was obtained except in the left upper, where two bands of adhesions 
still held one cavity partly open. Although she had shown improvement it 
was felt that she would be safer with a complete collapse, since she had stopped 
improving and had an occasional positive sputum. Accordingly it was decided 
to do an intrapleural pneumolysis. 

The operation was done under local anaesthesia on November 9, 1925. 
About four inches of the fourth rib in the midaxillary region were resected. 
This location was chosen, as the attachment of the widest adhesion was just 
above the third rib in the posterior axillary line. The posterior periosteum 
and pleura were incised together and the chest spread with a rib spreader. 
Two adhesions were seen: a round string-like one attached to the chest-wall at 
the level of the fourth rib in the posterior axillary line, and a band-like one, 
whose attachment to the chest-wall fanned out to a length of 4 cm. and a widi 1 
of 1.5 cm. The parietal pleura was incised around the base of each of the 
adhesions, giving a margin of 1 cm., and the pleura and adhesion stripped o‘f 
the chest-wall. No bleeding was encountered and the adhesions stripped of 
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easily. The cuff of pleura was closed over the raw stump of the adhesion with 
a Cushing stitch of fine catgut, so as to leave a smooth surface. The pleura 
and posterior periosteum were closed as one layer with a continuous silk suture, 
and the muscles closed in layers with interrupted silk. There was no shock 
associated with the operation, and convalescence was uneventful save for a 
collection of fluid which had to be aspirated twice, 75 and 100 cc. being 
withdrawn. 


Fic. 1. Adhesion in case 1 as it appeared when thorax was open. The dotted line indi- 
cates the line of incision through the parietal pleura around the attachment of the adhesion to 
the chest-wall. 


The patient returned to the Hamilton County Tuberculosis Sanitarium, 
where eleven more refills were given (160 and 200 cc. of fluid were aspirated at 
two of these refills) up to April, 1926. 

The lung stayed well collapsed (figure 2). The patient gained in weight and 
sirength; the sputum remained negative. She has been working at the Sani- 
tarium as a practical nurse for the past two years. Her present X-ray shows 
the lung to be expanded, with no fluid, but with considerable thickening of the 
pleura. 
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Case 2: J. H.; age 26 years; admitted to the Jewish Hospital, Cincinnati, Ohio, 
August 17, 1926. The patient had been ill with tuberculosis for only a few 
months. There was marked cavitation in the right upper lobe, with much cas- 
eous bronchopneumonia. The left side showed several small areas of caseous 
bronchopneumonia also. There was no fibrosis on either side. An artificial 
pneumothorax had been attempted, but there was a wide band-like adhesion 


Fic. 2. The parietal pleura and adhesion have been stripped from the chest-wall. 
cuff of pleura is being closed with a continuous inverting stitch. 


and a broad fold which prevented the collapse of the cavities. On repeat 
attempts at pneumothorax these adhesions showed no tendency to stretc). 
The artificial pneumothorax was very incomplete. In view of the acutencs 
of the process with the absence of fibrosis it was thought wisest not to d: 
thoracoplasty, but to attempt to free the adhesions and complete the artifical 
pneumothorax. 


INTRAPLEURAL PNEUMOLYSIS 


Fic. 4. Case 1 in December, 1925, one month after operation. (Retouched) 
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Fic. 3. Case 1 in August, 1925, before operation 
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Fic. 6. Case 2 before operation. Unfortunately the films taken postoperatively have 
been destroyed. (Retouched.) 
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The operation was performed on August 19,1926. Five inches of the fourth 
rib in the anterior axillary were resected and the pleural cavity entered. The 
pleura was thin, and there was about 100 cc. of straw-colored fluid in the 
pleural cavity. A wide, flat band-like adhesion was found attached to the 
chest-wall over a wide area from the 5th to the 3rd rib in the posterior axillary 
line, and in another area the lung was adherent directly to the chest-wall from 
the 4th to the 5th rib. An incision was made through the parietal pleura just 
at the edge of the wide adhesion, and the adhesion, with the parietal pleura, 
stripped off the chest-wall in part; the incision through the pleura was con- 
tinued and more stripping effected. In this way the adhesion and parietal pleura 
were completely stripped off the wall and the raw area on the lung side closed 
by suturing the cuff of the pleura. A similar procedure was carried out with 
the area over which the lung was directly attached to the chest-wall. After 
the stripping of these two adherent portions of the lung, an area denuded of 
pleura was left on the chest-wall about four inches square. 

The wound healed per primam, the patient’s temperature was 101° for two 
days, then fell to normal, and convalescence was uneventful. The patient 
was discharged twelve days after operation. He had several artificial-pneumo- 
thorax treatments after operation. He soon left the city for a western sana- 
torium and was lost track of. I have just learned from a relative that he is 
alive and in moderately good health. 


Case 3: R. D.; colored; female; aged 27 years; admitted to the Hamilton 
County Tuberculosis Sanitarium, November 8, 1929. X-ray and physical 
examination revealed a massive density in the left lower lobe with a large cav- 
ity near its lateral wall. There was some activity in the upper right. Owing 
to the basal type of lesion, and the race, an unusually bad prognosis was given. 
An artificial pneumothorax was induced, and 12 refills were given. Two wide 
bands of adhesions prevented complete collapse of the basal cavity. The lesions 
on the right side became somewhat marked and more serious. The general 
condition remained the same. Obviously the patient’s only chance lay in 
compression of the more diseased lung. However, with the activity on the / 
right side a thoracoplasty was out of the question but it was felt that a pneumo- 
lysis would give the best hope of complete collapse and at the same time be a 
more minor surgical procedure. 

The operation was performed on January 19, 1930, under local anaesthesia. 
our inches of the fifth rib in the midaxillary line were resected, since the at- 
‘achment of the broadest adhesion was thought to be to the fifth rib in the 
osterior axillary line. The posterior periosteum and pleura were incised, and 
t was found that the attachment of the adhesion to the parietal pleura lay 
directly beneath the resected rib. Two more inches of rib were resected, the 
leural cavity entered, and the position and attachment of the adhesion deter- 
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Fic. 7. Case 3 before operation. (Retouched) 


Fic. 8. Case 3 two months after operation. The lung has been allowed to expand con- 
siderably since the disease in opposite lung had progressed. 
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mined. An incision was made through the parietal pleura about 1 cm. from 
the edge of the adhesion, and pleura and adhesion were stripped from the 
chest-wall. The edges of the pleural cuff were closed over with a continuous 
Cushing stitch of catgut. The pleura was difficult to close, as a good deal of it 
had been excised with the adhesion. Closure was done in layers with silk. 
There was no shock attached to the procedure, and the convalescence was 
uneventful save for considerable subcutaneous emphysema. A small amount 
of fluid collected in the pleural cavity but not enough to aspirate. 


Fic. 9. Case 4 just prior to operation. (Retouched) 


The patient was returned to the Hamilton County Tuberculosis Sanita- 
rium. Six more refills were given, but the lesions on the right side kecame 
worse and a cavity formed in the right apex. X-rays, six months after 
pneumolysis, showed some fluid in the left chest, the cavity at the left base 
sill present but smaller, and a cavity at right apex of recent development. 
The patient left the Sanitarium at her own request and has not been heard 
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Fic. 10. Case 4 two months after operation 


Fic. 11. Case 4 one year after operation. The lung has been allowed to expand. Not 
the increase in soft tissues as compared wiih fig. 9. 
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Case 4: Mrs. R. G.; age 25 years; admitted to the Bethesda Hospital, Cincin- 
nati, Ohio, February, 1930. The patient had been ill with tuberculosis for 
six months before I saw her. There was considerable cough with sputum, 
which was positive for tubercle bacilli. Artificial pneumothorax was begun 
in August, 1929. Thirty pneumothorax treatments were given and a partial 
collapse of the right lung obtained. However, one band of adhesions which 
was quite wide prevented the complete collapse of a cavity in the middle por- 
tion of the right lung. The left lung appeared clear on X-ray and physical 
examinations. The sputum.had decreased in amount at the beginning of the 
artificial-pneumothorax treatments, but continued to be present and was of 
slightly increased amount as the treatments were proceeded with. In view 
of the acuteness of the disease, of the lack of closure of the cavity, of the adhe- 
sion, and of the increase in the sputum a pneumolysis was decided upon. 

The operation was performed under local anaesthesia in February, 1930. 
The adhesion had been found by X-ray examination to be attached to the 
seventh rib in the posterior axillary line. A portion of the fifth rib in the ante- 
rior axillary line was resected, the chest opened with a rib spreader and the 
pleural cavity explored. There was a small amount of free fluid in the pleural 
cavity. The lung was well collapsed, except for a portion in the upper right, 
which was held out by the adhesion. The adhesion itself was about 0.5 inch 
wide where it came off the lung, but fanned out to about 1 inch in width where 
it was attached to the chest-wall. There seemed to bea good deal of lung tissue 
drawn out into the adhesion. An incision was made through the parietal 
pleura around the attachment of the adhesions to the chest-wall, and the 
adhesion with pleura was peeled off the chest-wall. The lower edges of the 
adhesion were closed over with continuous catgut. The chest-wall was closed 
in layers with silk. 

The patient stood the operation well and did not seem to be shocked by it. 
The convalescence was uneventful save for some subcutaneous emphysema 
which disappeared in about four days. X-ray examination made one week 
after operation showed that the lung was expanding rapidly. Pneumothorax 
treatments were begun again and the lung compressed. Fluid accumulated 
slowly in the pleural cavity but never reached an alarming amount. The lung 
was kept compressed by artificial pneumothorax from February, 1930, until 
the middle of August, 1930. Since that time the lung has been allowed to 
expand, and it is at present fully expanded and the disease seems arrested in it. 

All sputum ceased one month after operation and has not recurred. The 
yatient has gained 55 pounds in the ten months which have elapsed since the 
operation, 
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SUMMARY 


1. A method of freeing adhesions by an open pneumolysis has been 
described. Reports of four cases in which this method has been success- 
fully used are given. 

2. Open pneumolysis is preferable to closed in case of wide bands, folds, 
and thick, fleshy, round adhesions. Closed pneumolysis is difficult and 
least successful in these types of adhesions but the latter may be more 
safely divided by the open method. 

3. In any case, save possibly those with thin string adhesions, I prefer 
the open to the closed method. It seems safer to deal with adhesions 
directly than to divide them through a thoracoscope where one has less 
control of the situation in case of haemorrhage and more chance of soiling 
by contamination due to cutting into the lung. 
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A Necessary Adjunct to Artificial Pneumothorax 
LINCOLN FISHER! 


It is not the purpose of this article to attempt any elaboration of the 
monumental pioneer work in this country begun by Matson in 1926. 
It is, however, the writer’s aim to speak a good word for the original 
method of cauterization. At the close of his report of 100 cases in 1929, 
Matson suggested the future use of the endotherm as a technique pref- 
erable to galvanocauterization. A conversation last summer with Dr. 
Edward R. Baldwin, who had visited Dr. Jacobaeus, revealed that 
Jacobaeus now largely employs the endotherm in place of his original 
cautery. A rather recent communication from Matson states that he 
is now using the endotherm exclusively. The almost prohibitive cost 
of this specialized endothermy apparatus at present is a sufficient 
deterrent to prevent the widespread adoption of this method, and the 
writer is convinced that the disadvantages and dangers attached to’ 
use of the galvanocautery are not excessive. 

Matson, Peters, and Cornish, e/ al., speak of employing a cautery heated 
to a cherry-red glow. Welles uses a cooler, nonglowing cautery: Al- 
though the latter temperature requires a longer time for burning, this 
degree of heat is usually sufficient to coagulate and sever even large 
fold-adhesions, and larger blood-vessels are less likely to give rise to 
immediate or subsequent bleeding. Furthermore, ventilation of the 
pleural cavity becomes unnecessary, for smoke is rarely encountered 
with this degree of temperature. Especially in the case of short ad- 
hesions it is probable that the occurrence and extent of postoperative 
pleural effusion is diminished because of less likelihood of pleural irrita- 
tion due to cautery radiation. When burning in close proximity to the 
chest-wall, greater speed may be indicated because of the occurrence 
of pain, but the danger of haemorrhage from intercostal vessels is 
thereby increased. 

While shortening the operation is always important, especially when 


1 Waverley Hills Sanatorium, Waverley Hills, Kentucky. 
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extensive adhesions are to be cauterized, it is probable that a moderate 
rate of speed may not be amiss in determining the exact nature and 
contents of the adhesion being burned. In one instance (case 5) a hotter 
cautery might easily have plunged into the lung-containing columnar 
adhesion before the true nature of this unforseen widening had been 
recognized. At best, tissue is destroyed for a short distance around the 
cautery, but this destruction is far less with a very low heat. 

Brief mention only need be made of the high-frequency electrode and 
thoracoscope combined in one instrument such as that described by 
Davidson. Relatively few pleural adhesions could be readily approached 
and cauterized by direct vision. Matson no longer makes use of Kremer’s 
direct-vision thoracoscope, and the writer has found that in using the 
Jacobaeus-Unverricht instruments the curved cauteries supplant the 
straight cautery for all practical purposes. 

Individual summaries of cases cauterized have been included because 
the variety of types best indicates the scope and usefulness of this opera- 
tion. That the results have been uniformly favorable to the patient 
but emphasizes the comparative safety of this method when reasonable 
precautions are observed. Endoscopy necessitates the exercise of diag- 
nostic judgment and is not devoid of a stimulating element of possible 
risk in many cases. It is impossible to prognosticate with finality the 
suitability of adhesions for cauterization until thoracoscopy is performed, 
and even then the technical success of the pneumolysis itself often hinges 
on further observations possible only as the operation proceecs. An 
apparently simple band or fold may possibly hide or lead into a complex 
multiple fold which offers a prohibitive risk because of its dimensions or 
inaccessibility. Fluoroscopy or stereoscopic X-ray films offer un- 
believably scant help beyond determining the optimal point for intro- 
duction of the thoracoscope. The most useful site for introduction cf 
the cautery is best determined after inspection of the pleural cavity. 
Since technically and psychologically the operation is usually simplified 
by introducing the thoracoscope posteriorly and the cautery in about the 
anterior axillary line, it is obvious that the operator should be ambi- 
dextrous in manipulation of the instruments. 

When employing a nonglowing cautery frequent interruption of the 
operation, to avoid excessive smoke and damage from radiation, will 
probably not be necessary. However, because of the longer time re- 
quired to complete the adhesion-cutting, the tiring of the operator’s 
muscles of precision is apt to necessitate an occasional rest. This is 
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especially true when dealing with apical adhesions which may offer ex- 
treme technical difficulties as regards accessibility to cautery or thoraco- 
scope, or to both. In the case of short adhesions, when it is necessary 
to burn through a reflection of the parietal pleura in order to avoid lung 
tissue, the patient’s complaining of pain may necessitate burning for 
briefer periods. However, any degree of pain is an infrequent symptom, 
and the administration of one-third grain of pantopon hypodermically, 
thirty minutes before operation, and 6 grains of sodium amytal by mouth 
when the patient reaches the operating room, will usually allay all pain- 
ful sensation for the time required, and we have known patients even to 
fall asleep during a tedious cauterization. 

In closing the cannula tracts no suture is necessary. Matson, Peters 
and Cornish, e¢ al., recommend a single deep suture, but it has been the 
writer’s experience that nothing can possibly prevent more or less sub- 
cutaneous emphysema if the patient coughs appreciably during the first 
two or three days following operation. It is scarcely possible to suture 
the pleura itself and, since coughing forces air from the pneumothorax 
cavity into the subcutaneous tissues, tight pressure maintained by a 
roll of gauze strapped over each aperture is the best preventive, aside 
from controlling cough by opiates, if necessary, for the first forty-eight 
to seventy-two hours. The first pneumothorax refill may safely be 
given on the fourth or fifth day after operation. Strict bed care should 
be given for at least the first week. Preferably the patient should lie 
with th> pneumothorax side up until after the first refill or two. - 

The brief summaries of the operation convey some idea of the great 
range of adhesion types which may be encountered. In the representa- 
tive cases, in which X-rays have been appended, a better conception 
me y be obtained of the discrepancies between preoperative and thoraco- 
scopic views of adhesions. 

Out of a series of 56 sanatorium patients receiving artificial pneumo- 
thorax seventeen appeared to be likely candidates for pneumolysis. 
The operations reported comprise a period of seven months between 
July, 1930, and February, 1931; hence the majority are still exhibiting 
progressive improvement, as pneumothorax continues to become more 
effective with successive refills. In a total of 20 thoracoscopies in 18 
vatients, 17 pneumolyses were performed on 16 patients, 28.6 per cent 
of the total number of pneumothoraces. Except for one instance all 
the cauterization possible was performed at a single sitting, later thoraco- 
scopy revealing no further suitability in two cases. One patient proved 
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totally unsuitable for cauterization. In all but one case cauterized, defi- 
nite improvement has been obtained both subjectively and objectively, 
the majority showing spectacular diminution or loss of symptoms, and 
augmented collapse or complete closure of cavities. The one exception 
to prove the rule, the shortest and easiest cauterization done, developed 
an acute pleural effusion two weeks after operation, which is slowly sub- 
siding. 
CASE SUMMARIES 
1: E. C., male, aged 32, box-maker, admitted February 7, 1929. Duration 
of illness six months. Classified FA-A. Laryngeal complication. Gaffky 
VII. Cavity in first interspace on left increased to 3 inches in diameter. 
Left artificial pneumothorax begun October, 1929. Left phrenicectomy De- 
cember 6,1929. Cavity reduced to 1.5 inches in diameter; collapse, 75 per cent. 
Mediastinal herniation into right root region prevented use of higher pressures 
to combat pleural adhesions. Patient remained bed-ridden, larynx only slightly 
improved, cough and expectoration marked. 


PLATE 1 


Case 1 


Fic. 1. Before pneumolysis. Diffuse fold in axilla. 
Fic. 2. Cavity closed 2 months after partial cauterization. 


Pneumolysis: July 17,1930. Duration 2} hours. Six adhesions cauterized, 
the first five string-like and varying in size up to the diameter of a man’s little 
finger. The last was a wide fold-adhesion, very short and containing lung 
tissue toward the narrower margin. This adhesion was burned only half-way 
through, leaving the lung still partially adherent in the region of the second 
rib anteriorly although this V-notch immediately permitted considerably more 
compression. A slight attack of uncontrollable cough shortly after operation 
caused a moderate amount of subcutaneous emphysema accompanied by slight 
discomfort. No pleural effusion since single aspiration of 450 cc. clear amber 
fluid. Sputum negative. Larynx shows marked healing. Cavity completely 
closed two months after operation. Cough and expectoration reduced at 
least 80 per cent. (See plate 1.) 


2: W. R., male, aged 22, plumber, admitted April 13, 1929. Duration oi 
illness four months. Classified MA-A. Gaffky IX. Cavity first interspac: 
on right, 1.5inchesin diameter. Increase on right July, 1929. Right phrenic- 
ectomy August, 1929. Right artificial pneumothorax begun November, 1929. 
Serofibrinous effusion developed May, 1930, probably as result of positiy 
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pressures employed to combat pleural adhesions. Marked cough and expecto- 


ration persisted, with occasional blood-streaking. 

Pneumolysis: July 31, 1930. Duration 3 hours. Two string-adhesions, 
diameter of lead pencil, and one diffuse fold, tent-like adhesion cauterized. 
The latter was partially inaccessible at the upper margin and was not completely 
severed, because in this portion the lung extended practically out to the chest- 
wal], at about the level of the second interspace anteriorly. On the surface 
of the lower lobe, remote from the point of cauterization, a patch of thick 
yellowish exudate, suggestive of an early purulent process around the site of 
a ruptured caseous tubercle, was noted. Fifty cubic centimetres of 1:8000 
acriflavine solution was injected into the pleural cavity at the close of opera- 
tion. No infection subsequently developed, however. All fluid disappeared 
with the release of tension on adhesions. The sputum became negative in 


two weeks and has remained negative. Cough is nil. The entire lung sub- 
sequently peeled away from the chest-wall, permitting the cavity to close 
entirely within eight weeks. Gained 15 pounds in weight. (See plate 2.) 


PLATE 2 
Case 2 


Fic. 3. Before pneumolysis. Cavity held open by diffuse fold. 
Fic. 4. Stripping away from chest-wall permitted perfect collapse in 8 weeks. 


3: S. J., female, aged 32, housewife, admitted September 26, 1929. Duration 
of illness ten months. Classified FA-A. Gaffky VI. Cavity under second 
rib on right, 1 inchin diameter. Right artificial pneumothorax begun October, 
1929. Collapse 75 per cent. Slight increase on left. In September, 1930, 
cavity 0.5 inch in diameter held open by two apparent adhesions to the second 
interspace. Cough and positive sputum persisted. 

Pneumolysis: September 16, 1930. Duration 1? hours. Two large fold 
adhesions about the thickness of a man’s thumb and about an inch in length, 
two fine strands parallelling these between the lung and anterior ribs, and a 
thin band adhesion, about one inch long and one centimetre wide, running stil! 
more anteriorly, were all severed. A large diffuse fold adhesion running 
posteriorly contained lung tissue and was too short for cauterization, but did 
not appear to be preventing a satisfactory collapse. A subsequent X-ray 
showed the lung to be held. out toward the posterior axillary line by this 
broad adhesion and the sputum was still positive although the cavily 
was no longer visible. A second thoracoscopy on November 7, 1930, show:d 
no change in the character of this adhesion except that it now appeared to rn 
much more laterally because of the greatly improved collapse since pneumolys 5. 
Two hundred cubic centimetres of serous fluid aspirated one week after ope! i- 
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tion; none since. The patient has gained weight and is now on exercise. 
Cough is nil, and the sputum has been negative six times out of the last ten 


examinations. 


4; M. G., female, aged 25, bookkeeper, admitted June 19, 1929. Duration 
of illness three years. Classified MA-A. Gaffky VII. Infiltration and rales 
throughout left. Moderate elevation of temperature began October, 1929. 
Cavity developed January, 1930, and increased steadily in size. Left phrenic- 
ectomy January 8, 1930. Several cavities evident March, 1930. Persistent 
blood-streaked sputum, left artificial pneumothorax begun May 1930. Cavity 
1 inch in diameter under second rib and several ring-like shadows in base. 
Collapse 80 per cent in September, 1930, but sputum still blood-streaked on 
slightest exertion. 

Pneumolysis: September 22, 1930. Duration 1} hours. The long ad- 
hesion seen from the hilum region to the second rib anteriorly was severed 
in the midportion. Extending into the vertebral gutter were numerous fine 
strands and one or two narrow ribbon adhesions which appeared to be of no 
technical importance. Toward the upper pole of the collapsed lung was a 


PLATE 3 
Case 4 


Fic. 5. Small cavity at root held open by long string adhesion. 
Fic. 6. Perfect collapse resulting in freedom from blood-spitting. 


broad band adhesion, running posteriorly into the vertebral gutter, which in 
itself appeared not to be of great technical importance, but, close to the lung 
attachment of this band and branching from it was a rather long adhesion, 
about 1 cm. in diameter, extending anteriorly toward the apex. When this 
latter was severed the broad band adhesion was markedly relaxed so that 
numerous strand adhesions at this portion of the lung became very slack and 
the upper pole of the lung appeared to collapse immediately. No effusion 
whatever developed. All cavities are closed. The patient no longer coughs 
and is on exercise. There has been no blood-streaking since the second week 
after operation and the sputum is persistently negative. (See plate 3.) 


5: K. H., female, aged 26, modiste, admitted November 16, 1929. Duration 
of disease three months. Classified FA-B. Tuberculous laryngitis and colitis. 
Gaffky VIII. Cavity 1 inch in diameter on right, increasing in size. Rig/it 
phrenicectomy January 27, 1930. Cavity 2 inches in diameter March, 193). 
Left artificial pneumothorax begun; collapse 75 per cent. Cavity fluctuatin; 
in size. Severe paroxysmal cough and copious expectoration. Weight dow: 
to 96 pounds. 
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Pneumolysis: October 6, 1930. Duration 2 hours. A string adhesion to 
the first rib, about the diameter of a lead-pencil, was readily severed. The 
other adhesion, which had appeared string-like in the X-ray, turned out to be 
an apparent fold about three inches broad, running upward into the extreme 
apex. Starting anteriorly, this second adhesion was cauterized for about 
half its breadth when an entirely unpredictable conformation came 
into view. This band-like structure abruptly broadened into a multi- 
ple fold of considerable depth, having the geometric shape of a trun- 
cated cone. Such an adhesion in the extreme apex could be explored 
only blindly and probably contained a portion of the pulmonary cavity; 
hence further cauterization was deemed inadvisable. Nevertheless, the 
cavity had completely closed three months after operation, and the re- 
mains of this adhesion are no longer visible in the X-ray. Paroxysmal 
cough following operation resulted in considerable subcutaneous emphysema. 
No postoperative fluid developed. Cough is markedly decreased and the 
daily quantity of sputum has been reduced 80 per cent or more. The sputum 
has been much less positive, and even negative on several occasions. The 
patient has gained 20 pounds in weight since pneumolysis. (See plate 4.) 


6: S. M., female, aged 31, housewife, admitted October 24, 1930. Duration 
of disease two years. Classified FA-A. Gaffky VII. Cavity 2 inches in 
diameter, right upper; cavity 1 inch in diameter, left apex. Right artificial 
pneumothorax begun November, 1930. Left side showed improvement, al- 
though the large cavity on the right was held wide open by several adhesions. 
Marked cough and expectoration continued. 

Pneumolysis: December 16, 1930. Duration 23} hours. What had appeared 
to be groups of separate adhesions from the apex to the first rib were in reality 
two multiple folds having several margins and facets. The larger of the two 
was about 4 cm. broad and 5 cm. long, so that it partially hid the more mesial 
fold adhesion. The former was densely organized, requiring 1} hours to burn 
through. One area grated against the cautery as if calcified. The second 
fold was about 3 cm. broad and 4 cm. long, and was severed with greater ease. 
In addition, a moderately wide band and a dense string adhesion to the 
second rib and interspace were cauterized. A dense fold adhesion posterior!y 
appeared unsuitable for cauterization. This adhesion showed up clearly in 
the X-ray only after the improved collapse following pneumolysis. On later 
thoracoscopy this adhesion proved to be not only far more extensive than the 
X-ray would indicate but contained obvious lung tissue which made further 
cauterization impossible. Two hundred and seventy-five cubic centimetres 
of serous fluid aspirated; no fluid since. Five weeks after operation the cavity 
was only about one-third its former size. Mediastinal herniation prevented 
the use of higher pressures but, strangely enough, the cavity in the contra- 
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PLATE 4 
Case 5 


Fic. 7. Before pneumolysis. Apparent double adhesion. 
Fic. 8. Cavity smaller but remainder of adhesion still visible. 
Fic. 9. Cavity completely closed. Adhesion gone. 
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lateral Jung closed as a result of this compression. Cough has practically 
disappeared. The sputum remains positive although expectoration is now 
slight in amount.? (See plate 5.) 


7: B. S., male, aged 24, bell-hop, admitted August 26, 1930. Duration of 
disease six months. Haemoptysis on admission. Classified FA-C. Gaffky 
VIII. Cavity 2 inches in diameter under first rib; cavity 1 inch in diameter 
under second rib. Left artificial pneumothorax produced 70 per cent collapse 
with pressures up to plus 63. Gained 8 pounds, but large cavity remained 
open. Cough and expectoration persistent. 

Pneumolysis: January 12,1931. Duration1hour. A thick string adhesion, 
about 1 cm. in diameter, and a thinner strand from the upper lobe to the first 
interspace were severed. Above the first rib and forming a cap, like a coxcomb, 
over the entire apex anteriorly was a short, thick, multiple fold, containing 
large blood-vessels and probably lung tissue. Although this adhesion was un- 
suited to cauterization, the cavity has been reduced 50 per cent in size. Cough 


PLATE 5 
Case 6 


Fic. 10. Multiple adhesions holding open large cavity. 
Fic. 11. Cavity markedly reduced after pneumolysis. Contralateral cavity closed fol- 
lowing mediastinal shifting. 


is greatly improved and the sputum is now mildly positive. The contralateral 
lung has definitely improved. No postoperative fluid developed. 


8: D. A., female, aged 18, housewife, admitted July 3, 1930. Duration of 
disease one year. Classified FA-C. Gaffky VIII. Two cavities right upper. 
Right phrenicectomy. Right artificial pneumothorax preduced 70 per cent 
collapse. Small cavity remained in root region. Sputum mildly positive. 
Steady loss of weight. Frequent attacks of nausea and vomiting. Tempera- 
ture 100°F. day before operation. 

Pneumolysis: January 9, 1931. Duration 1% hours. Numerous adhesions 
were found which had not been evident in the X-ray. These were mostly 
strands of varying thickness running out to the latera] chest-wall. Some 
12 to 15 of these were cauterized, as well as a band, one inch wide, extending 
anteriorly to the third rib. In addition, a multiple fold extended from the 
apex to above the first rib and an extensive, though technically unimportant, 
fold adhesion held the lung anteromesially to the line of the costochondral 


* Since this paper was written, case 6 (plate 5) has acquired excellent fixation of the 
mediastinum, the cavity has completely closed, and the sputum has become negative. 


4 


x 
j 
PLATE 5 
225 


226 LINCOLN FISHER 


junctions. The apical adhesion was about one inch long and contained a 
large blood-vessel on the anterior margin. Although technically difficult, 
this adhesion was partially severed, starting at the posterior margin, but 
moderate bleeding was encountered and, after cautery coagulation had been 
accomplished, further cutting was not attempted. This patient had a severe 
gastrointestinal upset following operation, which was accompanied by moderate 
fever ranging from 100° to 102°F. for about ten days. No fluid developed. 
The small cavity is now closed. Cough has disappeared and the sputum has 
been negative since operation. Patient now on exercise. 


9: L. T., female, aged 21, housewife, admitted March 7, 1930. Duration of 
disease three months. Classified FA-C. Gaffky V. Physical signs of cavity, 
and X-ray showed multilocular cavity-formation at right apex. Right arti- 
ficial pneumothorax produced 75 per cent collapse, but apex held out by adhe- 
sions to first and second interspaces. General condition greatly improved. 

Pneumolysis: January 10, 1931. Duration 2 hours. Six strand adhesions 
to the first and second interspaces were severed. Two fold adhesions in the 
extreme apex were technically inaccessible but did not prevent satisfactory col- 
lapse. A short, thick, multiple fold extended out to the first rib anteriorly. 
This adhesion was finally severed completely after about 50 minutes’ cauteri- 
zation. Cough and expectoration are nil. The sputum is negative. This 
patient has been on exercise since eight weeks after operation. 


10: M. M., female, aged 20, no occupation, admitted March 11, 1930. Dura- 
tion of disease three weeks. Classified FA-B. Gaffky VIII. Cavity second 
interspace left. Left artificial pneumothorax begun but collapse only partial. 
X-ray December, 1930, showed upper half collapsed but base held out by an 
apparent band adhesion to the third rib and a long string adhesion from the 
middle third toward the apex. The patient gained weight and the sputum be- 
came negative, but the pneumothorax pocket remained so limited that it was 
difficult to maintain. 

Pneumolysis: January 5, 1931. Duration 1 hour. The long string ad- 
hesion and three other strands to the first and second ribs were cauterized. 
The broad adhesion visualized in the X-ray proved to be far more extensive 
than had appeared. The entire base was adherent laterally as far down «s 
the diaphragm, the superior margin of this diffuse fold being flat-iron shaped 
and containing lung tissue; hence it was left intact. A minute amount of 
fluid disappeared in one week and unaccompanied by any elevation of tem- 
perature. Two weeks after operation an acute pleural effusion developed, 
which is gradually subsiding. No microérganisms have been found on seve’ al 


examinations. 
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11; B. A., female, aged 20, waitress. Duration of disease two years. Classi- 
fied FA-B. Gaffky VII. Admitted August 19, 1929, six weeks after a left 
artificial pneumothorax had been begun at another institution. Collapse 60 
per cent; cavity 3 inches in diameter still open. Tuberculous colitis and 
laryngitis. .Left phrenicectomy March 24, 1930. Sputum became mildly 
positive. Gained considerable weight. X-ray June, 1930, showed less col- 
lapse in upper third; cavity 1 inch in diameter. Cavity gradually decreased 
in size but several adhesions continued to hold lung out in upper two-thirds. 

Pneumolysis: January 15 and 31, 1931. Duration 1 and 2? hours. Four 
or five large string adhesions to the first and second interspaces and two large 
string adhesions to the third rib and fourth interspace were seen. The one 
to the third rib was completely severed. The one to the fourth interspace 
was burned only about half-way through, when the optical system of the thora- 
coscope became too hazy to proceed, due to penetration of moisture behind 
the lenses. The cauterization was completed sixteen days later. The partially 
cauterized adhesion to the fourth interspace was completely severed, as were 
two or three smaller strands toward the base and two larger strands posteri- 
orly. Of the group of adhesions to the first and second interspaces two large 
strands were first severed. It was then evident that the remaining adhesion, 
extending well anteriorly in the first interspace, was far more extensive than 
visualized earlier. This was a multiple fold containing lung tissue in one of 
its subdivisions close to the sternal border. The main portion, however, was 
cauterized completely, a distance of about 3 cm. close to the parietal attach- 
ment. No fluid developed after either pneumolysis. Cough and expectoration 
are nil. The sputum has been negative since operation. Collapse is now 
100 per cent. (See plate 6.) | 


12: B.B., female, aged 22, no occupation, readmitted January 10,1929. Dura- 
tion of disease four years. Classified FA-B. Gaffky VII. Tuberculous 
colitis. Cavity in first interspace, left, 1} inches in diameter. Left arti- 
ficial pneumothorax; 85 per cent collapse in spite of adhesions to the second 
and third ribs. Pleural effusion, requiring periodic aspiration, persistent since 
September, 1929; probably aggravated by tension on adhesions. Sputum 
became negative; cough and expectoration decreased. 

Pneumolysis: January 29, 1931. Duration 12 hours. Three string ad- 
hesions to the first rib and interspace and a larger string adhesion from the 
root to the second interspace anteriorly were readily severed. Another large 
string adhesion extending to the third interspace was so submerged in the 
moderate amount of serous fluid present ‘that it emerged only when the 
datient was rolled well backward. Cauterization was then accomplished close 
‘o the parietal attachment. In addition, a thick band adhesion extending 
oward the apex in the posterior pleural cavity was severed. Two similar 
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Pneumolysis: February 14, 1931. Duration 1 hour. The apparent strand 
adhesion to the diaphragm noted in the X-ray turned out to be a thick band, 
about 3 inches long and 1 inch wide. This extended from the dome of the 
diaphragm to the base of the lower lobe and moved freely with each diaphrag- 
matic excursion. Due to this wide excursion the adhesion required about 
fifteen minutes to cauterize, the visceral stump immediately retracting out of 
the field of vision. The apex was widely adherent high in the axilla, and most 
portions of the adhesion contained recognizable lung tissue: hence it was left 
intact. The upper surface of the lower lobe exhibited a large, caseous subpleural 
tubercle, about 3 mm. in diameter, with a definite surrounding area of intlam- 
mation. No postoperative effusion developed. The sputum has become 
negative; cough and expectoration are markedly diminished. The cavity is 
no longer visible on X-ray. (See plate 7.) 


15: G. N., male, aged 25, planer in box factory, admitted April 30, 1923. 
Duration of disease nearly nine years at time of pneumolysis. Classified FA-A. 
Gaffky VII. Bilateral infiltration. Cavities developed in right upper, 13 


Case 14 
Fic. 14. Long adhesions to diaphragm preventing collapse of apical cavity. 
Fic. 15. Marked contraction of entire lung immediately after cauterization. 


and 2 inches in diameter. Right phrenicectomy April, 1930. Right arti- 
ficial pneumothorax begun May, 1930. Collapse 75 per cent. Adhesions in 
apex and axilla held cavities open, but they gradually decreased somewhat 
in size. Cough and expectoration improved. Gained considerable weight. 

Pneumolysis: February 16, 1931. Duration 2} hours. The entire apex 
above the second rib was seen to be attached to the parietal pleura by in- 
numerable strands and small band adhesions, which gave the appearance of 
a dense spider-web. At the extreme anterior and posterior portions of this 
network were large multiple fold adhesions containing lung tissue after the first 
one or two centimetres. The multiple folds were cauterized as far down as 
possible toward the chest-wall, allowing considerable relaxation. The apical 
network, comprising some 40 adhesions, was completely eliminated, thus 
freeing the central portion between the remains of the two multiple folds. 
Two hundred and fifty cubic centimetres of amber fluid was aspirated; none 
since. Cough and expectoration are nil. The sputum has been negative since 


operation. No evidence of cavity remains. 
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16: D. E., female, aged 29, housewife, admitted January 29, 1929. Duration 
of disease six years. Classified FA-A. Gaffky VIII. Tuberculous colitis and 
laryngitis. Larynx cauterized on two occasions with excellent results. Left 
artificial pneumothorax begun September, 1929. Collapse 60 per cent. Upper 
two-thirds held out by adhesions in axilla, two cavities 2 inches in diameter 
remaining open. Highly positive pneumothorax pressures employed. Pleural 
effusion developed June 1, 1930, and became purulent December, 1930, the 
fluid showing a Gaffky II. X-ray December 11, 1930, showed cavity 1 inch 
in diameter in first interspace. Sputum Gaffky VI. Moderate gain in weight. 
Pneumolysis undertaken only because of patient’s insistence. 

Pneumolysis: February 19, 1931. Duration 1} hours. The entire visceral 
and parietal pleurae were seen to be covered with a thick layer of creamy, 
purulent exudate. There was a fluid level of slightly greenish pus. A thick 
string adhesion, about 1 cm. in diameter, to the fourth rib anteriorly, two 
similar adhesions to the third rib in the axilla, and a shorter one to the second 
rib anteriorly were severed. The apex was firmly adherent throughout. The 
cavity was reduced 50 per cent in size immediately and is gradually closing. 


PLATE 8 
Case 16 
Fic. 16. Cavity uncollapsed with high positive pressures. Tuberculous empyema before 
pneumolysis. 
Fic. 17. Cavity markedly reduced immediately and definitely closing in spite of thick 


sole-leather pleura. 


Cough and expectoration are markedly diminished. The cannula tracts 
healed perfectly in the usual length of time in spite of the preéxisting infection 
of the pleura. (See plate 8.) 


SUMMARY 


Of the pneumothorax patients residing at Waverley Hills Sanatorium 
since July, 1930, 28.6 per cent proved suitable for cauterization. 

Of this number all but one has been definitely benefited by the intra- 
pleural pneumolysis. Ten out of 16 cases (62.5 per cent) were given a 
perfect collapse. 

In all cases with pulmonary excavation the cavities have contracted 
anywhere from one-half to completely. Closure of cavities was brought 
about in 9 cases. In 3 cases no open cavities could be seen before 
operation. 

In 2 cases complete closure of cavities, after a marked initial contrac- 
tion, has been impeded by sufficient mediastinal shifting, following sever- 
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ance of adhesions, to prevent otherwise adequate compression. In one 
case, however, this otherwise undesirable circumstance served to help 
close a cavity in the contralateral lung. 

One patient, who had had persistent recurrence of blood-streaked 
sputum for three years, has had no streaking since the second pneumo- 
thorax refill following pneumolysis. 

The majority of cases have shown a tendency for the sputum to be- 
come negative, with occasionally an intermittent positive. Nine patients 
have had a persistently negative sputum since operation. All patients 
with positive sputum have shown a decrease in the number of bacilli, 
according to the Gaffky scale. A number of these have bilateral disease, 
which may account for some failures to obtain a completely negative 
sputum. 

All patients have voluntarily noted a marked diminution in both 
cough and daily quantity of sputum. Cough has practically disappeared 
and sputum has decreased at least 75 to 80 per cent in the majority of 
cases. Even when cavities have been only partially collapsed marked 
symptomatic improvement has been the rule. 

A small postoperative effusion, averaging about 250 cc., developed in 
5 cases. After a single aspiration this did not recur except in one case. 
One patient had fluid prior to operation, which persisted afterward. 

In 9 cases no postoperative effusion whatever occurred. In one case 
a preéxisting pleural effusion which had persisted for several months 
disappeared entirely after operation, apparently as a result of loss of 
tension on adhesions. 

One patient who had had a preéxisting tuberculous empyema for some 
months passed an uneventful postoperative course with perfect wound 
healing and as decided improvement as any case in this series. 

As in all forms of collapse therapy, tuberculous complications show 
a greater tendency to improve when the pulmonary disease has been bene- 
fited by adequate compression. 

Patients tolerate cauterizations lasting as long as two and one-hali 
hours remarkably well, ensuing reactions being negligible. 

No bleeding other than momentary oozing was encountered except 
in one case. In this instance cautery radiation produced prompt ces- 
sation. 

Diffuse, multiple folds constitute the type of adhesion most apt to 
contain lung tissue or large blood-vessels. Occasionally, when only 
partial cauterization is possible, in the form of a V-notch extending 
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toward the chest-wall, subsequent pneumothorax refills may serve to 
peel the lung away from the parietal attachment. Complete stripping 
of this nature occurred in the second case reported, this patient having 
had a perfect collapse and negative sputum ever since. 

The galvanocautery affords a reasonable and safe method for adhesion- 
cutting. Intrapleural pneumolysis is a necessary adjunct to artificial 
pneumothorax. 
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A CONVENIENT PORTABLE ARTIFICIAL-PNEUMO- 
THORAX APPARATUS 


CHARLES C. HABLISTON 


The pneumothorax apparatus herein described has been used by, the 
author for the past eighteen months, with such a degree of satisfaction 
that, without knowing whether the special features have been used 
formerly or not it is thought that its great convenience might appeal to 
others. 


The apparatus is housed in an old sphygmomanometer box upon the 
hinged lid of which is mounted a water manometer, with pet-cocks at 
either end to prevent the escape of the fluid when closed. The usual 
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PORTABLE PNEUMOTHORAX APPARATUS 


two-way tube connecting with manometer and air reservoir, and leading 
to the needle in the patient’s chest is used. 

Instead of the usual jars of water for the collection of air, a double 
bulb, part of an actual cautery outfit is used, the soft rubber bulb acting 
as a reservoir into which 50 cc. of air are forced and trapped with each 
full compression of the hand bulb. A known amount of air can there- 
fore be trapped in the reservoir prior to operation. The reservoir is 
controlled by pet-cock so that the delivery of air and also its pressure 
is under control at all times. 

The advantages of the apparatus are obvious; it is practical; it is light, 
weighing 2.5 pounds; it is compact, fitting into the ordinary Boston bag 
which will also be found large enough to contain, in addition to the ap- 
paratus, a small sterilizer and such supplies as are needed to induce arti- 
ficial pneumothorax. 
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A NOTE ON SIMULTANEOUS BILATERAL ARTIFICIAL 
PNEUMOTHORAX 


A Preliminary Report of Two Cases! 
JACOB KAMINSKY 


Medical literature contains few reports on simultaneous bilateral 
artificial pneumothorax from American clinics, though considerable exper- 
ience with this procedure has been reported by European phthisiothera- 
pists. Serio (1), in an article on simultaneous bilateral artificial pneumo- 
thorax, cites 45 authors who have used the method, and, of these, only 
five were from this country. In his concluding paragraph he states that 
simultaneous bilateral artificial pneumothorax has already passed from 
the stage of clinical study to that of practical cures. This, in the main, 
is the view of a considerable number of European observers. 

In this country simultaneous bilateral artificial pneumothorax is still 
a debatable procedure. Abbott (2) reported good results in a series of 
16 cases treated with it. Gray, in the discussion of the above report, 
questioned the ultimate results of this method of treatment, since it is 
not possible to maintain a high degree of collapse of both lungs simul- 
taneously, a condition which this author considers very essential in effec- 
tive pneumothorax therapy. 

Barlow and Kramer (3) described their technique for selective collapse 
under partial pneumothorax for both unilateral and bilateral treatment. 
They emphasized the importance of a proper selection of cases, and they 
warned emphatically against overinflation in bilateral treatment. Geer 
(4) reported his experience with simultaneous bilateral pneumothorax. 
He warmly advocates its use, stating that the method should be seriously 
considered before contenting ourselves only with making the patient com- 
fortable. Kinsella and Mattill (5) reported a series of 28 cases treated 
by the method. They state that the results obtained so far are encourag- 
ing and justify a further application of the treatment in a larger group of 
patients. They point out that the procedure is safe if reasonable care 
is exercised, and they advise against attempting bilateral-pneumothorax 


1 From Service D, Rutland State Sanatorium, Rutland, Massachusetts. 
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treatment as a last-resort measure. Sewall (6) still considers bilateral 
pneumothorax a therapeutic curiosity, which demands careful study. 
Atkinson (7) treated several cases with simultaneous bilateral pneumo- 
thorax with but limited results. This author believes that alternate or 
consecutive bilateral pneumothorax is a procedure of greater merit. 

It is felt that additional published observations on simultaneous 
bilateral artificial pneumothorax from various clinics would help to 
evaluate the method, and with this idea in mind the following case reports 


are presented. 


1: V.S., 18 years old, single, male, factory worker, admitted to Rutland State 
Sanatorium October 19, 1928, complaining of cough, expectoration, pain in 
left chest and frequent haemoptyses. Father died of Bright’s disease. Family 
history otherwise negative. At age of eight had sweats for two months. In- 
fluenza at ten years. Subject to frequent chest colds, and occasionally had 
sore throat. Had frequent haemoptyses for about one and a half years before 
admission to Rutland Sanatorium, but did not begin to take treatment until 
May, 1928. Then had profuse haemoptysis, following which he entered private 
sanatorium, where he remained until admission here. Cough and expectora- 
tion began in January, 1928, and on admission patient was raising about 4 
ounces of thick, yellowish-green sputum in twenty-four hours. Clinical and 
roentgenographic examination revealed far-advanced pulmonary tuberculosis 
(figure 1) with extensive involvement of upper two-thirds of left lung and 
upper half of right lung. Sputum negative on admission, but found positive 
for tubercle bacilli on subsequent examinations. Urinary findings normal. 
Blood Wassermann negative. Temperature within normal limits, but pulse 
ranged between 74 and 100. 

The question of artificial pneumothorax treatment for the left lung was 
raised. However, it was considered as contraindicated in view of the extensive 
lesion in the right lung. 

After twelve months of bed-rest treatment patient made no noticeable prog- 
ress. Lung lesion not improved (figure 2). There was persistent troublesome 
cough, and patient was raising 3 ounces of thick, yellowish-green sputum in 
twenty-four hours. It was then decided to institute bilateral pneumothrax. 
Left lung was the more involved, and the pneumothorax treatment was there- 
fore begun on left side (October 16, 1929). Compression of right lung begun 
on January 22, 1930. This interval of time necessitated because of ap- 
pearance of moderate pleural effusion on left side. Fluid appeared about a 
month after the pneumothorax treatment was begun and became absorbed 
after nine weeks. Moderate pleural effusion also developed on contralateral 
side (right) nine days after pneumothorax treatment was begun on that side. 
This effusion persisted for three months. Partial collapse was obtained on 
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anoxaemia. 


has been partly ambulatory since November 24, 1930. 


for tubercle bacilli, and patient was advised to enter a sanatorium. 


mothorax treatment patient did not seem to have made any progress. 


to induce partial collapse of the left lung. 


absorbed. 


both sides (figures 3 and +). The pleural effusions did not seem to have caused 
any particular discomfort to the patient, andat no time was there any noticeable 


At the writing of this report (January 8, 1931), a fair degree of collapse is 
still being maintained on left side and small collapse on right (figure 5). 
tient’s condition shows remarkable improvement. Gained 12 pounds. Strength 
improved greatly. Cough entirely disappeared. Sputum has diminished to 
1 or 1.5 ounces in twenty-four hours, consists chiefly of white material and has 
been negative for tubercle bacilli since primary pneumothorax was instituted. 
Temperature within normal limits and pulse is ranging from 70 to 84. Patient 


2: H. B., 21 years old, single, male, pressman, admitted to Rutland State Sana- 
torium May 31, 1929, complaining of cough, expectoration and pain in upper 
left chest. Family and past histories essentially negative. In December, 
1928, patient began to have pain in right lower chest and developed productive 
cough. Continued at work until middle of April, 1929, when he had severe 
attack of pain in chest. Then examined by physician; sputum found positive 


and roentgenographic examination (figure 6) revealed moderately advanced 
pulmonary tuberculosis, with extensive involvement of upper half of right lung 
and upper third of left. Raising an ounce of positive sputum in twenty-four 
hours. Urinary findings negative; blood Wossermann negative; temperature 
was within normal limits and pulse ranged from 72 to 86. Since right lung 
showed much involvement and cavity-formation, it was decided to institute 
artificial-pneumothorax treatment on right side. This begun June 9, 1929. 
Partial collapse of right lung obtained, but pleural adhesions prevented satis- 
factory collapse of diseased upper lobe. After six months on unilateral-pneu- 


which disappeared during first two months of treatment, reappeared; and 
expectoration, which also showed diminution at first, increased again and stayed 
persistently positive for tubercle bacilli. Since lesion in contralateral lung 
(left) then began to show signs of increasing activity (figure 7), it was decided 


Pneumothorax on the contralateral side (left) begun January 4, 1930, and 
partial collapse was obtained (figure 8). In March, 1930, there developed 
moderate pleural effusion on right side (figure 9), and fluid persisted for three 
months. During first three days following onset of effusion, there was a rise 
in pulse and temperature, and patient felt nauseated. However, no other unto- 
ward effects resulted from this complication. A very small amount of fluid 
was also noticed on one occasion on the left side, but this was promptly 


| 241 

Clinical 
Couch, 


6 To 10. For DESCRIPTION SEE TEXT 
242 


4 
4 | 1 
€ 
: ( 
7 1 | 


SIMULTANEOUS BILATERAL PNEUMOTHORAX 243 


At present writing, bilateral pneumothorax is still being maintained (figure 
10). Patient’s condition shows considerable improvement. Gained much 
in strength, though there is no appreciable difference in weight. Cough 
entirely disappeared. Sputum varies from one dram to one ounce; it be- 
came negative four months after contralateral pneumothorax was instituted 
and has been negative since. Temperature within normal limits and his 
pulse ranges from 70 to 78. The patient has been partly ambulatory since 

>? 
October 10, 1930. 
COMMENT 


Needless to say, one cannot draw general conclusions from two cases. 
However, the impressions gained so far are very favorable. The only 
complications met with in the above two cases were pleural effusions; and, 
as it was seen, these bilateral-pneumothorax cases fared no worse than 
cases with unilateral pneumothorax complicated by pleural effusion. 

In case 1 the effusions with the pleural adhesions, which followed in 
their train, subtracted considerably from the effectiveness of the treat- 
ment, as this complication rendered it impossible to maintain both lungs 
at the desired degree of collapse. However, the patient has apparently 
derived great benefit from as much collapse as was possible under the 
circumstances. Without pneumothorax he would have been left to 
fight his battle unaided. 

In case 2 pleural adhesions prevented a satisfactory collapse of the 
part of the right lung (right upper lobe) where compression was needed 
most. Furthermore, the increased intrapleural pressure on the right 
resulted in some cardiac and mediastinal deviation to the left, and this 
might have even aggravated*the situation. The contralateral pneumo- 
thorax, aside from its effect on the diseased tissue in the left lung, has 
also served to counteract the tendency toward left mediastinal deviation, 
and thus, possibly, enhanced the effectiveness of the compression on the 
right side. 

Pulmonary tuberculosis is a bilateral affection in many instances, and, 
of late, there is a growing interest in methods for bilateral treatment. 
Surgeons are giving considerable thought to procedures such as bilateral 
apicolysis and apicolysis combined with contralateral upper thoraco- 
plasty. By means of these surgical measures, the opportunity for collapse 
therapy would be extended to certain cases. It would seem that, with 
the further development of bilateral-pneumothorax therapy, a similar 
opportunity could be extended to even a much larger group of tuber- 
culous individuals. 
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KYMOGRAPHIC TRACINGS IN ARTIFICIAL PNEUMO- 
THORAX 


PAUL DUFAULT! 


The amount of air to introduce in artificial pneumothorax, the desir- 
able degree of pressure to use, the various factors influencing that pres- 
sure, the maximum of effective collapse to obtain, are as many chapters 
on the subject of collapsotherapy which have lost none of their interest. 
It was thought that kymographic tracings should be of some value. 
Following this idea, tracings were taken during the past year on a num- 
ber of patients under artificial-pneumothorax treatment at the Rutland 
State Sanatorium. 

In reviewing the literature, it was found that such a study had been 
already carried out in 1925 by Olmer and Raybaud, both of Marseilles, 
and reported in the Revue de la Tuberculose. 

They noted that during the refills the tracings showed that the inspira- 
tion and expiration time were becoming more even as the pressure was 
getting nearer the neutral point. In other words, the quantity 
Inspiration 
Expiration 

Their tracings were little influenced, if at all, by the fact that the 


which normally is equal to 0.625 was tending towards 1. 


pressure went from negatite to neutral. 

The height of their graphs tended to decrease when the pressure 
turned positive. The oscillations flattened completely and became a 
straight line when the pressure ranged between +8 and +11. 

Our own tracings confirmed the first two assertions but not the third 
one. The pressure was raised purposely to +8 and +9 without seeing 
in the curve any tendency to flatten as demonstrated in figures 1, 2, and 
3. This difference is important in interpreting the results. 

Olmer and Raybaud explain the variations of the tracings obtained 
when the pressure is around 0 by the movement of the mediastinum only. 
They do not think that it is influenced in any way by the action of the 
chest-wall and that of the diaphragm. 


1 Rutland State Sanatorium, Rutland, Massachusetts. 
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They claim that when the intrapleural pressure is sufficiently high 
(around +6) the mediastinum becomes rigid, that its pendulum-like 
motion stops, and that the oscillations of the lever tend to become a 
straight line. Such may be the case in complete pneumothoraces with a 
fixed mediastinum. However, our tracings have failed to show any dis- 
appearance of the oscillations. The only case in which the graph flattened 
completely was one of basal collapse with phrenicectomy and paradoxical 
motion of the diaphragm (figure 6). The mechanism accountable for 
it will be discussed later. 

Let us study separately every factor that may influence the tracing: 
the chest-wall. the diaphragm, the mediastinum and the lung. 

The chest-wall on the pneumothorax side is undoubtedly expanding 
much less than normally, but it is not completely immobilized, as 
proved by tracings taken externally on the hemithorax. Whatever the 
internal pressure may be, the oscillations are almost as wide on the 
pneumothorax side as on the other, as demonstrated by Olmer and 
Raybaud. The excursion of the diaphragm is also decreased more or 
less, but it is present, however, in the great majority of instances, as 
revealed by the fluoroscope. Exceptionally, after high pressures have 
been used, the diaphragm may be lowered toward the abdominal cavity 
and its up-and-down motion may be greatly reduced, but it is never 
abolished. 

After a careful study of all the anatomical and physiological factors 
that influence the pressure in artificial pneumothorax, Parodi concludes: 
“The action of the diaphragm is capable of determining the greatest 
modifications in the capacity of the thoracic cavity and consequently 
in the volume of air that it contains.”’ 

The lung completely collapsed does not expand at all, and consequently 
is not supposed to have any influence on the manometric readings or on 
the tracings. The complete pneumothorax, however, is the exception. 
The influence of the incompletely collapsed lung on the variations of the 
intrapleural pressure is almost impossible to gauge. It remains an un- 
known quantity. 

We know that the strength and amplitude of the lung contraction 
and expansion is not equal in any given portion of the lung. It is less 
important at the apex and around the hilum than at the bases. The 
expansion is also less pronounced in the central lobules than in those lo- 
cated at the periphery. So the expansion of the incompletely collapsed 
lung will vary according to the location of the uncollapsed portions. 
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The length of time during which the lung has been compressed has 
also an influence on its expansion in the case of selective collapse. Gen- 
erally speaking, the healthy portions of the lung are collapsed more 
easily and quickly than the diseased areas. But they soon reéxpand on 
account of their unimpaired elasticity, and their expansion favors the 


ric. 1. M. B. Partial collapse. The graph taken in neutral pressure is the highest. 
The graph taken in positive pressure is higher than the one taken in negative pressure. 


retraction of the altered portions. The retraction of those fibrocaseous 
areas is slower in coming but their tendency to reéxpand is almost 
negligible. 

The mediastinum usually has a pendulum-like motion; it moves toward 
the pneumothorax side during inspiration and toward the healthy side 
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during expiration. Such a motion is probably the result of two different 
factors. The first one is the dilatation of the chest-wall and the lowering 
of the diaphragm. The pneumothorax cavity is thus increased in size, 
the pressure is lowered, and the mediastinum and the pulmonary stump 
are immediately attracted by the relative vacuum created in the pneumo- 


Fic. 2. Ff. f. Partial pneumothorax. Adhesions. Fluid. Paradoxical diaphragm, in 
spite of which the graph taken in positive pressure is higher than the one taken in negative 
pressure. 


thorax cavity. It is simply the repetition of the physiological respira- 
tory motion. The movements of the chest-wall and diaphragm are still 
transmitted to the collapsed lung and to the mediastinum, through the 
medium of the air contained in the closed pleural cavity. 

The second factor producing the mediastinal motion is the distention 
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of the normal lung during inspiration. Normally, both lungs distend 
simultaneously and, the pressure being equal on both sides of the medias- 
tinum, the position of the latter is not modified. But, in the case of 
pneumothorax, that normal physiological equilibrium is destroyed and 
the remaining healthy lung expands toward the pneumothorax side. 


Fic. 3. O. G. Complete pneumothorax. The tracing taken in positive pressure is very 
slightly smaller than those taken in neutral and negative pressures. Tracing taken in neutral 
pressure is higher. 


In complete pneumothorax, before refill the chest-wall and diaphragm 
expand, thus creating a negative intrapleural pressure. Let us call those 
expanding forces Factor A. 

The lung also expands slightly and the mediastinum is drawn toward the 
pneumothorax side, thus tending to maintain the same degree of pressure 
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pressure created by the expanded chest-wall and the lowered diaphragm, 
but it is not sufficient to neutralize it. This passive neutralizing action 
will be called Factor B. 

After refilling, the final pressure being neutral, the diaphragm and 
chest-wall still expand, although less than before refilling when the pres- 
sure is negative. The lung completely collapsed does not expand; it 
only follows the general motion of the mediastinum toward the pneumo- 


PREssuRE -05 495 


‘ 
i 
H 


Tic. 4. R. B. Partial collapse. Adhesions beiow the clavicle and on diaphragm 


thorax cavity. Factor A, although slightly decreased, still tends to lower 
the intrapleural pressure by increasing the size of the cavity. Factor B, 
having lost one of its elements (the expansion of the lung) is markedly 
decreased and will not compensate in the same proportion for the relative 
racuum created by Factor A. That fact is experimentally demonstrated 
by the oscillations of the lever and the increased height of the tracings as 
illustrated in figure 3. In other words, the height of the tracings as well 
as the height of the oscillations on the water manometer depend mostly 


in the pleural cavity. Their combined action decreases the negative 
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on the expansion of the chest-wall and on the excursion of the diaphragm. 
The active expanding Factor A (chest-wall and diaphragm) functions 
alone and the relative vacuum created into the pleural cavity is not being 
completely filled by the passive Factor B (lung and mediastinum). 

In pneumothorax with adhesions Factor A is not influenced by the ad- 
hesions. ‘actor Bbecomesan unknown quantity, as explained previously, 
because it is impossible to estimate the real degree of expansion of the 
uncollapsed portions of the lung. The tracings obtained in neutral 


Fic. 5. H. A. Partial collapse. Adhesions to apex and chest-wall. Notice marked 
difference in tracings taken in negative and neutral pressures. 
pressure in such cases vary greatly. They are usually as high as those ob- 
tained in negative pressure and most often higher. That may logically 
be explained by the fact that, in partial pneumothoraces, the mediastinum 
is less flexible on account of the adhesions fastening the lung to the 
chest-wall and fastening the mediastinum to the anterior and posterior 


portions of the thoracic cavity. The uncollapsed parts of the lung are 
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the only movable or expanding elements left and that element is partly ti 
neutralized by the neutral pressure. The equilibrium between Factor A 0: 


and Factor B is broken, Factor A working practically alone. ‘The rela- 


Fic. 6. J. J. O'D. Basal collapse. Paradoxical diaphragm. Paralysis of diaphragm 
illustrated by upper plateau. Notice disappearance of oscillations in positive pressure. 


Fic. 7. B. A. Partial collapse. Adhesions below clavicle. Paradoxical diaphragm. No 
plateau. Oscillations tend to disappear in slightly positive pressure. 
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tive vacuum produced by inspiration is greater, and consequently the 
oscillations of the lever are wider as shown in figures 4 and 5. 
Tracing 6, taken in a case of basal collapse with phrenicectomy and 


Fic. 8. D. T. Tracing taken in a slowly revolving drum to show the influence of the 
heart-beats on the air-filled pleural cavity. Left-sided partial pneumothorax. 


Fic. 9. H. M. Left-sided partial pneumothorax. Notice height of tracing when patient 
talked. Notice also that tracing is higher in positive than in negative pressure. 


paradoxical motion of the diaphragm, presents an interesting feature. In 
this case Factor A (force of expansion represented by chest-wall and dia- 
phragm) loses one of its elements, the diaphragm. That element is not 
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only lost to Factor A, but, because of its paradoxical motion, the diaphragm 
now tends to counteract the action of the chest-wall. 

In negative pressure, the paradoxical diaphragm does not succeed jn 
neutralizing entirely the action of the chest-wall, but in positive pressure 
it does; and Factor A (chest-wall) is only equal to factor B (incompletely 
collapsed lung, lower part of mediastinum and paradoxical diaphragm) 
and all motion ceases as illustrated by the tracing. In similar cases 
(figures 2 and 7) the height of the graph showed also a tendency to 
decrease in proportion with the increasing intrapleural ‘pressure. 

Any alteration in the topography and the structure of the air-tight and 
air-filled cavity has a direct repercussion on the volume of air it contains. 
Even external factors, such as the heart-beat and the effort to speak, 
change the value of the intrapleural pressure to an almost immeasurable 
extent as illustrated by figure 8 and 9. 


SUMMARY 


1. Kymographic tracings were taken on various types of artificial 
pneumothoraces. 

2. They corroborate the readings obtained on the ordinary water 
manometer which is sufficient for clinical purposes. For study, the 
tracings have the advantage of being permanent records and of being 
somewhat more sensitive. 

3. They register the slightest variations in the pressure of the air 
contained in the pneumothorax cavity. Those variations result from 
any change or alteration in the shape of the air-filled pleural cavity. 

4. Tracings do not give any accurate information as to whether the 
pressure is positive or negative. 

5. The tracings are ordinarily higher in neutral than in negative pres- 
sure because the relative vacuum created by the expansion of the chest- 
wall and that of the diaphragm cannot be compensated by the medias- 
tinum and the pulmonary stump as well as in negative pressure. 

6. In partial pneumothoraces, the real degree of immobilization of the 
lung cannot be gauged with any degree of certainty, as shown by the 
wide variety of tracings obtained in neutral, negative and _ positive 
pressures. 

7. The graphs emphasize the well-known and generally accepted prin- 
ciple that high pressures are neither desirable nor necessary in the 
ordinary run of cases. 
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This study was undertaken at the suggestion of Dr. Roy Morgan, Superintendent of the 


Westfield State Sanatorium. 
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Fic. 4. R. B. Partial collapse. Adhesions below the clavicle and on diaphragm 


thorax cavity. Factor A, although slightly decreased, still tends to low 
the intrapleural pressure by increasing the size of the cavity. Factor ! 
having lost one of its elements (the expansion of the lung) is marked 
decreased and will not compensate in the same proportion for the relati 
vacuum created by Factor A. That fact is experimentally demonstrat« | 
by the oscillations of the lever and the increased height of the tracings 
illustrated in figure 3. In other words, the height of the tracings as w 
as the height of the oscillations on the water manometer depend most 
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Fic. 5. H. . Partial collapse. Adhesions to apex and chest-wall. Notice marked 
erence in tracings taken in negative and neutral pressures. 


‘ssure in such cases vary greatly. They are usually as high as those ob- 
ned in negative pressure and most often higher. That may logically 
explained by the fact that, in partial pneumothoraces, the mediastinum 
less flexible on account of the adhesion’s fastening the lung to the 
‘st-wall and fastening the mediastinum to the anterior and posterior 


pc rtions of the thoracic cavity. The uncollapsed parts of the lung are 
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the only movable or expanding elements left and that element is partly 
neutralized by the neutral pressure. The equilibrium between Factor A 
and Factor B is broken, Factor A working practically alone. The rela- 
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Fic. 6. J. J. OD. Basal collapse. Paradoxical diaphragm. Paralysis of diaphragm 
illustrated by upper plateau. Notice disappearance of oscillations in positive pressure. 


Fic. 7. B. A. Partial collapse. Adhesions below clavicle. Paradoxical diaphragm. 
plateau. Oscillations tend to disappear in slightly positive pressure. 
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tive vacuum produced by inspiration is greater, and consequently the 
oscillations of the lever are wider as shown in figures 4 and 5. 
Tracing 6, taken in a case of basal collapse with phrenicectomy and 


Fic. 8. D. T. Tracing taken in a slowly revolving drum to show the influence of the 
heart-beats on the air-filled pleural cavity. Left-sided partial pneumothorax. 


Fic. 9. H. M. Left-sided partial pneumothorax. Notice height of tracing when patient 
ilked. Notice also that tracing is higher in positive than in negative pressure. 


saradoxical motion of the diaphragm, presents an interesting feature. In 
his case Factor A (force of expansion represented by chest-wall and dia- 
‘hragm) loses one of its elements, the diaphragm. That element is not 
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only lost to Factor A, but, because of its paradoxical motion, the diaphragm 
now tends to counteract the action of the chest-wall. 

In negative pressure, the paradoxical diaphragm does not succeed ii 
neutralizing entirely the action of the chest-wall, but in positive pressur: 
it does; and Factor A (chest-wall) is only equal to factor B (incompletely, 
collapsed lung, lower part of mediastinum and paradoxical diaphragm 
and all motion ceases as illustrated by the tracing. In similar case: 
(figures 2 and 7) the height of the graph showed also a tendency t 
decrease in proportion with the increasing intrapleural pressure. 

Any alteration in the topography and the structure of the air-tight anc 
air-filled cavity has a direct repercussion on the volume of air it contains. 
Even external factors, such as the heart-beat and the effort to speak, 
change the value of the intrapleural pressure to an almost immeasurabk 
extent as illustrated by figure 8 and 9. 


SUMMARY 


1. Kymographic tracings were taken on various types of artificial 
pneumothoraces. 

2. They corroborate the readings obtained on the ordinary water 
manometer which is sufficient for clinical purposes. For study, the 
tracings have the advantage of being permanent records and of being 
somewhat more sensitive. 

3. They register the slightest variations in the pressure of the air 
contained in the pneumothorax cavity. Those variations result from 
any change or alteration in the shape of the air-filled pleural cavity. 

4. Tracings do not give any accurate information as to whether the 
pressure is positive or negative. 

5. The tracings are ordinarily higher in neutral than in negative pres- 
sure because the relative vacuum created by the expansion of the chest- 
wall and that of the diaphragm cannot be compensated by the medias 
tinum and the pulmonary stump as well as in negative pressure. 

6. In partial pneumothoraces, the real degree of immobilization of the 
lung cannot be gauged with any degree of certainty, as shown by th 
wide variety of tracings obtained in neutral, negative and _ positiv 
pressures. 

7. The graphs emphasize the well-known and generally accepted pri! 
ciple that high pressures are neither desirable nor necessary in the 
ordinary run of cases. 
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This study was undertaken at the suggestion of Dr. Roy Morgan, Superintendent of the 
Westfield State Sanatorium. 


BIBLIOGRAPHY 


RIVIERE, C.: Pneumothorax and surgical treatment of pulmonary tuberculosis. 

DuMAREST, F., AND BRETTE, P.: La pratique du pneumothorax artificiel et de la collapso- 
therapie chirurgicale. 

Paropt: Sur la valeur et la mesure des pressions dans les pneumothorax artificiels, Rev. d. 1. 
Tuberc., 1925, vi. 

OtmER, D., AND RayBaAup, A.: Tracés respiratoires et intrapleuraux au cours du pneumo- 
thorax artificiel, Ibid. 

BERNOU, A. AND Carpis, F.: Etude critique sur la pression intrapleurale physiologique 
(vide pleural), Ibid. 

Rist, E. AND STROHL, A.: Apropos de la pression intrapleurale, Rev. d. 1. Tuberc., 1926, vii. 

HENNELL, H. AND STIVELMAN, B. P.: So called selective collapse in artificial pneumothorax, 
Amer. Rev. Tuberc., July, 1923. 


% 
4 
1 
i 
4 
‘ 
q 
4 
4 
i 
: 
} 


PREGNANCY AND BILATERAL PHRENIC EXAIRESIS 
POSTPARTUM 


Case Report 


ARTHUR W. DURYEA! 


This report of a case is made to emphasize the fact that during the 
later months of pregnancy diminished diaphragmatic excursion, becaus« 
of the increasing intraidbdominal tumor, has a distinct therapeutic ad- 
vantage. Too often, after delivery of the child, in cases of far-advanced 
pulmonary tuberculosis, the advantage of the diminished diaphrag- 
matic excursion is lost and a slightly progressive pulmonary lesion ad- 
vances very rapidly. Bilateral phrenic exairesis immediately after 
delivery of the child not only prevents this descent of the diaphragm but 
even causes more elevation with corresponding beneficial results. 


Case Report 


Mrs. P. P., age 26, part-Hawaiian singer and dancer. Immediately upon her 
return from a two-year singing and dancing tour, she presented herself on 
September 29, 1930, complaining of a sore throat of eight weeks’ duration. 
Six weeks previously she had been obliged to stop her singing but still appeared 
on the stage twice daily in a dancing act, until four weeks previously, when 
she embarked from Australia for her home in Honolulu. 

The family history was completely negative for tuberculosis; the patient 
had always been well and strong, had been married eight years, and had had 
two living children, since dead, (cause unknown). 

Past History: No operations, no illnesses until March, 1930, when, in India, 
the patient had sudden severe chill, high fever, cough and expectoration, and 
pain in the chest. A diagnosis of bronchopneumonia was made at that time 
but, because of illness throughout the entire company, the patient kept ai 
work. After one week of acute illness, she was fairly comfortable but stil 
had a cough and slight expectoration. 

Present Illness: The patient dates her present illness eight weeks prior t 
September 19, 1930, with the onset of a sore throat, dysphagia and partia 
aphonia, which prevented her singing. Since September, 1930, she has ha: 
increasing cough and expectoration, mucopurulent in character, malaise an 
night-sweats. 


' Honolulu, T. H. 
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BILATERAL POSTPARTUM PHRENICECTOMY 


Fic. 1. Mrs. P. P. September 19, 1930. Sixth month of pregnancy. (1) Extensive bi- 
lateral lesion; (2) cavity-formation, left upper lobe; (3) note height of diaphragm. 


Fic, 2. Mrs. P. P. October 25, 1930. Seventh month of pregnancy. Bilateral pneumo- 
orax, Note height of diaphragm. : 
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POSTPARTUM 


Case Report 


ARTHUR W. DURYEA! 


This report of a case is made to emphasize the fact that during the 
later months of pregnancy diminished diaphragmatic excursion, becaus¢ 
of the increasing intradbdominal tumor, has a distinct therapeutic ad- 
vantage. Too often, after delivery of the child, in cases of far-advanced 
pulmonary tuberculosis, the advantage of the diminished diaphrag- 
matic excursion is lost and a slightly progressive pulmonary lesion ad- 
vances very rapidly. Bilateral phrenic exairesis immediately after 
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Case Report 


Mrs. P. P., age 26, part-Hawaiian singer and dancer. Immediately upon her 
return from a two-year singing and dancing tour, she presented herself on 
September 29, 1930, complaining of a sore throat of eight weeks’ duration. 
Six weeks previously she had been obliged to stop her singing but still appeared 
on the stage twice daily in a dancing act, until four weeks previously, when 
she embarked from Australia for her home in Honolulu. 

The family history was completely negative for tuberculosis; the patient 
had always been well and strong, had been married eight years, and had had 
two living children, since dead, (cause unknown). 

Past History: No operations, no illnesses until March, 1930, when, in India, 
the patient had sudden severe chill, high fever, cough and expectoration, and 
pain in the chest. A diagnosis of bronchopneumonia was made at that time 
but, because of illness throughout the entire company, the patient kept ai 
work. After one week of acute illness, she was fairly comfortable but stil! 
had a cough and slight expectoration. 

Present Illness: The patient dates her present illness eight weeks prior t 
September 19, 1930, with the onset of a sore throat, dysphagia and partia 
aphonia, which prevented her singing. Since September, 1930, she has ha: 
increasing cough and expectoration, mucopurulent in character, malaise an 
night-sweats. 
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BILATERAL POSTPARTUM PHRENICECTOMY 


Fic. 1. Mrs. P. P. September 19, 1930. Sixth month of pregnancy. (1) Extensive bi- 
lateral lesion; (2) cavity-formation, left upper lobe; (3) note height of diaphragm. 


Fic, 2. Mrs. P. P. October 25, 1930. Seventh month of pregnancy. Bilateral pneumo- 
yrax. Note height of diaphragm. 
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Physical Examination: General appearance: well developed, poorly nourished 
Hawaiian female, apparently about seven months pregnant. She has the 
appearance of chronic illness, coughs incessantly, and is quite dyspnoeic. 

Head, Eyes, Ears, Nose: Normal. 

Neck: Slight visible and palpable enlargement of the anterior cervica 
chain of nodes on each side. 

Chest: Symmetrical, well-formed, full breasts. Drooping of right shoulde 
with diminished respiratory movements on right side. 

Heart: Rate 108, size and position apparently normal, no murmurs o 
irregularities. 


Fic. 3. Mrs. P. P. December 17, 1930. Seven days after left phrenic exairesis. Nine 
days after delivery. Note elevation of left diaphragm. 


Lungs: Right: Above the fourth rib anteriorly and the seventh vertebral 
spine posteriorly there is marked impairment of resonance, and increased 
bronchovesicular breath-sounds, with showers of medium moist rales every- 
where. 

Lungs: Left: Anteriorly, dulness sixth rib to third rib, with an area almost 
flat from the second rib to the clavicle. Posteriorly there are varying degrees 
of impaired resonance throughout. Voice transmission is markedly increased 
throughout this side. Medium moist rales are everywhere throughout te 
left chest, on quiet breathing as well as post-tussic. 

Abdomen: Distended. Fundus of uterus just below the ensiform cartilage. 
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Foetal movements are seen and felt. Foetal heart was heard in lower right 
quadrant. Rate 150. No other masses or abnormalities felt. Extremities 
normal, no clubbing of fingers. 

Reflexes: Normal. 

Vaginal Examination: Cervix: stellate tear; external os admits one finger. 
Occiput of foetus palpitated in ROA position. 

Larynx: There is swelling of both arytenoids, vocal chords visible, pale, 
approximate poorly, small ulceration, posterior one-third of right chord. 

Laboratory: 3,800,000 red cells, 75 per cent haemoglobin. White blood 
count, 7,200, with 78 per cent lymphocytes, large mononuclears 2 per cent, 


Fic. 4. Mrs. P. P. December 27, 1930. Nineteen days after delivery. Seventeen days 
after left phrenic exairesis. Four days after right phrenic exairesis. Note bilateral pneumo- 
horax and elevation of both diaphragms. 


20 per cent polymorphonuclears. Red-cell sedimentation rate 60 per cent, 
hours. Urinenormal. Wassermann and Kahn negative. Sputum examina- 
‘ion positive for tubercle bacilli, with many organisms to the microscopic 
eld on two successive examinations. 
X-Ray: Diffuse mottling throughout left lung with area of increased il- 
‘imination in region of second and third ribs. Right lung shows a similar 
ottling in the upper two-thirds, the shadows being a little more discreet. 
Diagnosis: (1) Pulmonary tuberculosis far advanced; (2) tuberculosis of 
‘ie larynx; (3) pregnancy six to seven months. 
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Treatment: Bilateral pneumothorax as a palliative measure was considered 
and treatments started on September 24 on both lungs simultaneously. Refills 
were given twice weekly on alternating sides until patient’s admission for con- 
finement on December 8, 1930. Effective collapse was obtained on both sides 
as demonstrated radiographically and by the patient’s marked symptomatic 
improvement. Refills varied in amount from 200 to 550 cc. At first a mobile 
mediastinum presented a serious inconvenience, as, when a refill was given on 
the right, the left lung was pushed over until the visceral pleura was in contact 
with the parietal pleura. In all, 13 refills were given on the left side and 14 
refills on the right side. 


Fic. 5. Mrs. P. P. January 28, 1931. Anterior torso. Note scars of phrenic exairesis. 


On December 8, the patient went into labor and was delivered under gas 
anaesthesia of a normal full term 63-lb. boy. The duration of the second 
stage was forty minutes, and of anaesthesia ten minutes. Bleeding was only 
slight and there were no complications. During the anaesthesia, the patient 
was exceedingly blue and respirations were thirty to forty per minute. Oxygen, 
twice the usual amount, was given with nitrous oxide. On December 1\), 
under local anaesthesia, a left phrenic exairesis was done by Dr. F. F. Alsup 
and 35 cm. of nerve were avulsed. On December 18 the patient was rea !- 


* 


BILATERAL POSTPARTUM PHRENICECTOMY 261 


mitted to the hospital for the removal of the right phrenic nerve, which was 
done under local anaesthesia and 30 cm. removed. The patient’s weight at 
this time was 1043; just prior to onset of labor the ,patient’s weight 
was 120 lbs. Following the removal of the left phrenic nerve, the 
very slight cough and expectoration, which persisted even after her pneumo- 
thorax treatments, disappeared, and the patient has been symptom-free ever 
since. There has been an average gain of 13 lbs. per week until February 2, 
1931, when the patient’s weight was 111} lbs. At this time the patient was 


Fic. 6. Mrs. P. P. January 28, 1931. Posterior torso. Note pigmentation from punc- 
ture wounds of chest. 


given a refill of 300 cc. on the right side. She looked well; had no cough; tem- 
erature 99.2°; respirations 22; pulse 96; no complaints except a slight hoarse- 
iess of voice. The baby, weighing 9 Ibs., is not under the mother’s care. The 
ed-cell sedimentation rate is 32 per cent in two hours. The treatment during 
his woman’s illness was as follows: A strict sanatorium regimen at home and 
omplete vocal rest for the laryngeal condition, pneumothorax treatments, 
nd phrenic exairesis, bilateral, postpartum., Removal of the baby from the 
uberculous environment. 
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CONCLUSIONS 


A pregnant tuberculous invalid was carried along for the last three 
months of her pregnancy on simultaneous bilateral pneumothorax which 
gave her almost complete symptomatic relief from her pulmonary tuber- 
culosis. Following delivery, a bilateral phrenic exairesis was done in 
order that the benefit of diminished excursion from intraibdominal tumor 
might not be lost. Bilateral phrenic exairesis, immediately postpartum, 
seems a rational treatment for a pregnant woman with advanced active 
bilateral tuberculosis. 
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THE USE OF GOMENOL IN TUBERCULOUS EMPYEMA! 
A Preliminary Report 
WILLARD J. DAVIES 


With the ever-increasing use of artificial pneumothorax, because of 
our greater knowledge of it and also through the presentation of cases to 
us in much earlier stages than heretofore, the complications from its use 
nust necessarily increase. The range of purulent effusion with artificial 
pneumothorax varies from 6 per cent (Peters and Woolley) (1), to 12 
per cent (Matson, Matson and Bisaillon) (2), to 21 per cent (Hayes) 
3) and 41.7 per cent (Burrell) (4). Hayes’s mortality was 56.2 per 
cent in 32 cases, and Burrell’s 36.7 per cent in 309 cases, which included 
both serous effusions and purulent empyemata. 

Oleothorax seems to have given a new longevity to one with this 
apparently hopeless condition. Oleothorax, as used in this series, has 
been combined with gomenol (2.5 to 5 per cent). Its use has been 
limited to purulent empyema only. (One case of tuberculous menin- 
gitis is included.) 

The method consists in selecting, for aspiration, a site as low as possible 
and to withdraw as much pus as possible. I have had better success in ¢ 
he midaxillary line. 

The pus is aspirated by the double-bottle vacuum apparatus with the 
patient upright. The syringe method may be used, but it may cause 
too much trauma to the surrounding tissue or withdraw pus along the 
ract because of repeated connection and disconnection of the syringes. 
\ sinus will be the result which will cause the discontinuance of the 
treatment. 

If the patient complains of pressure, the tube may be disconnected or 

second needle placed high within the thorax to allow the air to replace 
he aspirated pus. Gomenol is then placed in the pleural cavity with 
he patient preferably in the prone position so that the air may escape 
‘hich the oil would replace. When 400 cc. of gomenol has been in- 
tilled, the stylet is placed in the needle, the needle quickly withdrawn 
nd the area vigorously massaged. Refills are accomplished in the same 


1 From the Nassau County Sanatorium, Farmingdale, Long Island, New York. 
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manner as in the original injection and at six-week intervals. In severe 
cases now under treatment, refills are being practised more frequently. 

Five cases are here reported. ‘Three are entirely free from pus and the 
lung has reéxpanded. Two (males) here reported have been discharged 
and are working at their occupations, one as an automobile mechanic; 
the other is a clerk in title-trust company. The third (female) has had 
a phrenicectomy and is temperature-free and ambulant. The fourth 
left the hospital against advice and whereabouts unknown. The fifth 
died of pleural shock following aspiration, due to hypersensitivity in- 
curred with undulant fever. 

A case of tuberculous meningitis is also reported, with the injection of 
100 per cent gomenol into the spinal canal without harmful effects. 


CASES 


1: L.B., 19 years, white male. In December, 1927, took heavy cold with 
severe cough, and sent in for consultation January, 1928. Family history 
unimportant. Pneumonia at six yearswithempyema. Physical Examination: 
Nutrition fair, temperature to 100°F., small haemoptysis at present. Le/i 
Lung: Impaired resonance both uppers, anterior and posterior; also left base. 
Increased whisper, both apices, posterior. Expiration exaggerated, left apex, 
posterior. Rdales, medium moist and fairly numerous on left to third rib and 
left base; few fine and indefinite, right apex. Roentgen examination shows 
infiltration on left to third interspace and left base; slight infiltration at right 
base. (figure 1). 

Course in Hospital: Entered January 24, 1928. Sputum positive for 
tubercle bacilli, urine negative, Wassermann negative, blood-pressure 110/65, 
red blood count 6,000,000, haemolgobin 65 per cent, white blood count 7300 
with 33 per cent lymphocytes, temperature 99.4°F., pulse 96, respiration 22. 
Weight on admission 129.5 pounds. The lesion continued to progress, with 
loss of weight and increase in temperature. Pneumothorax instituted April 
27, 1928. In September, 1928, fluid developed and there was a steady loss of 
weight until August, 1928. First aspirated March 20, 1929; 250 cc. of clear 
amber fluid and replaced with air; March 20, 1929, 400 cc. of clear amber 
fluid; March 29, 1929, 600 cc. of clear amber fluid; April 16, 1929, 500 cc. 
of amber-colored fluid, all withdrawals being followed with instillation of air 
On May 20, 1929, 550 cc. of light green pus was withdrawn and 400 cc. o 
2.5 per cent gomenol instilled. 

Weight at this time 146. There were discharging sinuses at elbow and 
knee. On July 10, 1929, 500 cc. of dirty green pus again withdrawn mixe 
with oil; replaced with 400 cc. of 2.5 per cent gomenol. On October 23, 1929, 
625 cc. of light green pus with approximately 75 cc. of oil withdrawn and re 
placed with 400 cc. of 2.5 per cent gomenol. On November 18, 1929, 250 c 
of light green pus with trace of oil withdrawn and replaced with 400 cc. © 
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5 per cent oleogomenol. On December 20, 1929, artificial pneumothorax 


sumed. On January 10, 1930, 275 cc. of pure gomenol was aspirated. 


Fic. 1 Fic, 2 
Fic. 1. L. B. January 16, 1928. Infiltration of first, second and third left interspaces 
and left base; beginning right base. 
Fic. 2. L. B. April 26, 1928. 
months and ten days after fig. 1. 


Infiltration has spread through entire left side. Three 


Pic. 3 Fic. 4 


‘Ic. 3. L. B. April 29, 1928. Artificial pneumothorax begun. 
‘Ic. 4. L. B. May 9, 1928. Pneumothorax progressing favorably. Adhesion to third 


ib at periphery. 


‘ chest is clear and there has been no further formation of pus. The sinuses 


he knee and elbow have healed. 
discharged July 18, 1930. Weight 164 and patient returns for refills. 
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Fic. 5 Fic. 6 
Fic. 5. L. B. September 14, 1928. Diaphragm depressed; lung 95 per cent collapsed; 
lower lobe still held by adhesion. Chest hazy and has appearance of fluid. (Picture taken 


prone.) 
Fic. 6. L. B. October 10, 1928. Left diaphragm depressed; spontaneous collapse has 


occurred. Mediastinum and heart are shifted to right. Adhesion seen in former pictures 
has given away. 


Fic. 7 Fic. 8 
Fic. 7. L. B. March 6, 1929. Fluid level at sixth (posterior) rib. Heart and mediastinum 
have shifted to normal position. Right side has begun to clear. 
Fic. 8. L. B. March 20, 1929. Fluid level at sixth interspace. There is an interval of 
fourteen days between figs. 7 and 8 and two aspirations. (See chart 2.) 


2: J.C., 30, white, male. About three months previous to admission, ex- 
perienced unusual fatigue, followed by tightness in chest, slight cough and 
slight morning expectoration. Two weeks previous to admission, couhed 
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mouthful of blood and this followed by several severe haemorrhages. One 
sister died of pulmonary tuberculosis. Patient had severe cough and cold 
diagnosed as bronchitis three years previously. Physical Examination: 
Nutrition fair. Temperature to 101.6°F., pulse 96-116. Impaired resonance 
at both apices with increased tactile fremitus; increased whisper at right apex; 
breath-sounds bronchovesicular, right apex, and exaggerated vesicular, left 
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epex; rales, medium moist on left to fourth interspace, and fine and indefinite 
right apex posteriorly. 

Course in Hospital: Entered December 19, 1927. Sputum positive, urine 
negative, Wassermann negative, blood-pressure 110/80, red blood count 
3,180,000, haemoglobin 60 per cent, slight anisocytosis, white blood count 
11,600, polynuclears 70 per cent, lymphocytes 21 per cent, eosinophiles 3 
per cent, transitionals 6 per cent, weight on admission 123.5. Pneumothorax 
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Fic. 9 Fic. 10 


Fic. 9. L. B. May 20, 1929. Fluid level at seventh (posterior) rib. Picture was taken 
after aspiration (see chart) and instillation of 400 cc. gomenol. 

Fic. 10. L. B. July 10,1929. Before refill and time-interval of six weeks since previous 
picture. Fluid has increased to fifth rib. 


Fie. 12 


Fic. 11. L. B. November 18, 1929. After aspiration and refill of 400 cc. of gome 
There is gradual reéxpansion of left lung since fig. 10. 

Fic. 12. L. B. January 10, 1930. Thickened pleura at left base. Entire evacuatio 
oil. Pneumothorax has been resumed. 


instituted December 29, 1927. Collapse progressed favorably, with occasi: 
rise in temperature to 100°F., until July 3, 1928, when leave of absence gra! 

to visit family. Returned July 5, with temperature of 102-103°F. Pneum 
thorax on July 21: admitted only 150 cc. with reading of +7.5 to +1)..5. 
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Fic. 13 Fic. 14 


Fic. 13. J. C. December 28, 1927. Soft infiltration throughout left lung. Few soft 
shadows in right apex. Trunk markings heavy on right to apex. 

Fic. 14. J. C. April 29, 1928. Pneumothorax on left side. Lower lobe held by adhesion 
to diaphragm. Trachea and entire mediastinum shifted to right. 


Fic. 15 Fic. 16 
Fic. 15. J. C. July 10, 1928. Pneumothorax more complete than in previous picture. 
ower left lobe has collapsed and the adhesion has given away. Diaphragm is depressed 
»mewhat and suggests small amount of fluid obliterating costodiaphragmatic angle. 
Fic. 16. July 30, 1928. Appearance of spontaneous collapse on left. Mediastinum has 
1ifted to right side. No other change since last picture. Haze throughout left, probably 
uid. 


“he spontaneous collapse was, no doubt, initiated by some exertion at home 
uring holiday. This daily swing in temperature (97.8° to 100.8°-101°F.) 
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persisted until September 18, 1928, when it gradually began to subside under 
pyramidon. Aspirations begun January 1929. (See chart 2.) 


Fic. 17 Fic. 18 
Fic. 17. J. C. November 13, 1928. Homogeneous fluid haze throughout left chest. 


Mediastinum shifted to right. 
Fic. 18. J. C. March 6, 1929. Fluid level at fifth left interspace. Mediastinum has 


begun to shift toward its normal position. 


Fic. 19 Fic. 20 


Fic. 19. J. C. May 20, 1929. After gomenol treatment. Fluid at the level of eighth left 


rib. Heart and mediastinum in normal position. 
Fic. 20, J. C. July 20, 1929. After second treatment with gomenol. Clearing up of 


right side. Partial reéxpansion on left. 


The stormy course did not subside until March, 1929, but temperature 
fluctuated constantly (98-99.8°F.). On April 20, 1929, first injection o! 
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100 cc. of 2.5 per cent of gomenol after chest was drained as completely as possi- 
le. Temperature rarely rose beyond 99°F. Before gomenol, tappings were 
equired on an average of every thirteen days, with an average drainage of 
70 cc. of thick green pus. After initial injection of gomenol, pus formed so 
lowly that 675 cc. had formed in six weeks. Weight at beginning of treat- 
nent, 132 pounds Oil and pus were removed at six-week intervals, and) in 
ix months a definite change was noted in character of pus, and in eight months 
yus had ceased to form and the infection had been overcome. The gomenol 
njections were continued for two more months to be certain that no further 
ormation of pus was possible. Pneumothorax resumed, March 3, 1930, 
ifter removal of all oil. Steady gain in weight noted, and on discharge, 
October 30, 1929, weight was 150 pounds. 


Fic. 21. J. C. October 23, 1929. Fluid at level of sixth interspace. Fifty per cent re- 
expansion of left lung. 


3: G.H., female, age 25, admitted September 29, 1928. Family history 
negative. Patient states that she became pregnant June, 1927. Abortion 
induced, June, 1927, after two months. Influenza, spring, 1927. Began to 
lose weight and in September, 1927, had haemorrhage of about two drams. 
Sought medical advice, and was told that the blood “came from the throat, 
end that she would be all right within a few weeks.” However, through 
winter of 1927-1928, she became tired very easily, began to cough, brought up 
« moderate amount of greenish sputum; and had pain in the upper right chest, 
chills and sweats. Sought advice of a different doctor, was referred in con- 
cultation and admitted to Sanatorium. Condition on admission was ad- 

anced B. Nutrition poor, clavicles prominent, temperature to 100°F. P.M. 

larked impairment of resonance on right; less so at left apex. Increased 
fremitus and whisper, both uppers, but more marked on right. Breath- 
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sounds had bronchial element at right apex, harsh bronchovesicular at left 
apex anteriorly, and granular at left apex posteriorly. Rales, medium moist, 
over entire right, anterior and posterior, and to third interspace on left an- 
terior and to fifth posterior. The weight on admission 98 pounds. Sputum 
positive, urine negative, blood Wassermann negative, leucocytes 14,000, red 
cells, 4,480,000, haemoglobin 70 per cent. 

Condition in Hospital: Temperature continued to run 100.2°F. in P.m., and 
at menstrual cycle 101°-103°F. Patient continued to gain weight to 103 
pounds. Artificial pneumothorax began June 8, 1929. On September, 1929, 
temperature normal except at menstrual cycle. Patient lost weight with the 
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pneumothorax, but gradually began to recover it and the weight at installa- 
tion of gomenol was 105 pounds. Aspiration begun December 16, 1929, 
when 400 cc. of amber fluid aspirated. This replaced with 330 cc. of gomeno! 
(2.5 per cent). On February 10, 1930, again aspirated of 350 cc. of fluid, 
consisting of 175 cc. of oil and 175 cc. of pus; this replaced with 270 cc. of 
gomenol. On June 24, 1930, again aspirated 225 cc. of pure gomenol. Right 
lung began to reéxpand with gomenol treatments. Attempt was made to 
keep this down with pneumothorax and then with massive injections of gomenol, 
but toxic symptoms began to return, and a phrenic exairesis performed Octobe! 
15, 1930. At present toxic symptoms have disappeared, patient is ambulant 
and case apparently arrested. 


Family history negative. Syphilis in 1914 
About one year befor 


4: W.W., white male, 36 years, 
treatment for four years; Wassermann negative. 
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admission, patient began to complain of loss of appetite, with gasand feeling of 
fulness after eating, loss of weight, cough, and expectoration. Sought doctor’s 
advice. Sputum negative, no X-ray of chest was taken, and diagnosis of 
gastric ulcer was made. Continued to work, and collapsed in New York City 
und removed to Bellevue Hospital, where diagnosis of pulmonary tuberculosis 
was made and artificial pneumothorax was instituted. Spontaneous collapse 
terminated the treatments. Admitted to this hospital February 8, 1930; 
weight 103 pounds. Physical Examination: Nutrition very poor; clavicles, 
‘ibs and scapulae prominent; temperature 100.8°-101.4°F., p.m. Impairment 
»f both upper lobes, anterior and posterior; flat at right base; increased fremitus 
ind increased whisper at left apex; breath-sounds absent throughout right 
‘xcept at apex, and bronchovesicular at apex. Rales medium moist at right 
\ipex. X-ray showed a uniform haze throughout right side, and slight in- 
‘iltration left apex. Aspiration of right elicited thick green pus, positive for 
tubercle bacilli. 

Course in Hospital: On February 12, 1930, 450 cc. of heavy green pus 
aspirated from right chest. On February 14, 1930, 900 cc. of heavy green pus 
aspirated and replaced with 400 cc. of 2.5 per cent gomenol. On March 13, 
1930, 500 cc. of heavy green pus aspirated and replaced with 200 cc. of 2.5 
per cent gomenol. On March 20, 1930, 455 cc. of heavy green pus aspirated 
from right chest and replaced with 130 cc. of 33 per cent gomenol. Patient 
continued to run high temperature which varied from 100° to 103.6°F., 
p.M. On March 30, 1930, temperature fell to normal and continued so except 
occasional p.M. temperature to 101°F. until discharge on October 12, 1930. 
On May 2, 1930, beginning reéxpansion of right lung. On May 7, 1930, 150 
cc. of heavy green pus aspirated and 150 cc. of 2.5 per cent gomenol instilled. 
On May 17, 1930, pneumothorax begun. Reading before, —1, +0.5, and 
after 300 cc. of air was given, +12. On June 26, 1930, 400 cc. of 10 per cent 
oleogomenol instilled and again on August 6, 1930, 400 cc. of 5 per cent 
gomenol. Patient continued to do very well. Appetite very good, sputum 
negative, and there was decrease in formation of pus and gradual reéxpansion 
of right lung with resumption of artificial pneumothorax. Gained seven 
pounds, and allowed leave of absence and did not return. Whereabouts 
inknown at this time. 


5: C. D.: White, male, 48 years. Mother died of pulmonary tuberculosis. 
Pitient had pneumonia fourteen years previously. Developed pulmonary 
tuberculosis, and artificial pneumothorax was begun 1917. Pneumothorax 
Was continued, since the patient did not wish tg discontinue because of his very 
good physical condition. In December, 1929, he was putting on his collar, 
wien he felt something “snap” in his chest. Fluid developed January 17, 
1°30, and 100 cc. of gomenol was instilled in attempt to abort formation of 
pus. On March 15, 1930, 400 cc. of light green pus (positive for tubercle 
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bacilli) with 150 cc. of oil was aspirated and replaced with 300 cc. of 2.5 
per cent gomenol. On May 14, 1930, 675 cc. of light green pus mixed with oil 
was aspirated and replaced with 2.5 per cent gomenol. Pneumothorax was 
given, reading before, —2.5, +4, and after, +12 with 150 cc. of air. On July 
2, 1930, 600 cc. of light green pus and oil was aspirated and replaced with 300 
cc. of 2.5 per cent gomenol. Pneumothorax was given, reading —12, —3.5, 
before, and —2, —3, after 150 cc. of air. The fluid negative for tubercle bacilli. 
Gradual reéxpansion of lung and cessation of infection, as manifested by char- 
acter of fluid, reading of manometer and the X-rays. On August 8, 1930, 
450 cc. of amber fluid with about 30 per cent oil was aspirated. Negative for 
tubercle bacilli. This replaced with 300 cc. of 5 percent gomenol. On August 
10, 1930, patient had chill and temperature to 103°F. Every other day tem- 
perature would reach 103°F. with chill. In the intervening day, temperature 
was normal in morning and would rise to 99.8°-100°F. in afternoon. - Abdomen 
markedly distended and liver tender. No other abnormal physical findings 
with the exception of pyopneumothorax as above noted. Admitted to the 
hospital August 17, 1930, with the diagnosis of pulmonary tuberculosis (ad- 
vanced C) and possible malaria. Repeated blood-smears negative for malarial 
parasites. Wassermann negative, gastric analysis normal, and blood nega- 
tive for typhoid fever but gave a characteristic reaction for Bacillus abortus 
in 1-80 dilution. This was again confirmed and gave the characteristic 
reaction with human and bovine strains of Bacillus abortus in 1-200 dilution. 
Culture of bile normal. X-ray series of gall-bladder and gastrointestinal 
tracts normal. Blood count showed a slight anaemia and 500 cc. of whole 
blood was given intravenously by Dr. B. W. Seaman. Several times during 
the illness manifestations of sensitivity was noted by attacks of urticaria, and 
itchiness about legs and chest. Aspirations were carried on, but with notice- 
able increase in pus, and cell count of the pus, and in October, 1930, tubercle 
bacilli were again found in pus. Pus getting increasingly difficult to aspirate. 
It seemed as though something brushed across the opening of the needle, as 
pus ceased to come out and then suddenly gush forth in a spurt. On Novem- 
ber 4, 1930, aspiration was again tried, and approximately 150 cc. of pus was 
withdrawn, when patient suddenly said he felt he was “going,”’ had convulsive 
movements of the hands, and became unconscious. Regained consciousness 
that evening, but passed very uncomfortable night: began to vomit, had 
several convulsions, and died without regaining consciousness 48 hours after 
aspiration. Cause of death was apparently pleural shock, due to a hype 

sensitiveness due to superadded infection. It is unusual to have a death du 

to pleural shock after fourteen years of pneumothorax treatment. 


6: Z.L., white, female, 29 years. Family history negative. Patient had ha: 
abdominal pain August 15, 1930, when she lost weight, was jaundiced. Diag- 
nosis of acute cholecystitis made. Lower pelvic pain continued, and operatio® 
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performed in September, 1930. Ectopic pregnancy and tuberculous salpin- 
gitis and tubercles scattered over the peritoneum found at operation. Patient 
idmitted October 23, 1930. There were scars of previous operation. Physical 
‘xamination and X-ray of chest negative. Patient was drowsy, vomited 
-verything she ate, and complained of headache. Repeated spinal taps showed 
ncrease in pressure, but no increase in cells or tubercle bacilli. On November 
3 and 25, spinal taps were positive for tubercle bacilli and on November 26, 
(930, 100 per cent gomenol instilled into spinal canal. Pulse improved and 
vatient could be easily aroused from her drowsiness. Died November 27, 
(930. Gomenol was in the spinal canal for 36 hours before death and appar- 
ntly did not have any detrimental effect. 


SUMMARY 


There are presented 5 cases of tuberculous pyopneumothorax, and one 
of tuberculous meningitis treated with various dilutions of gomenol. 

Three of the cases are cured of their pyopneumothorax, and their 
tuberculosis is arrested. The fourth case, I believe, would have progres- 
sed to cure had he remained under treatment; his pulmonary condition 
was quiescent. 

One case died from the complication of Bacillus abortus infection. 


One case of tuberculous meningitis ended in death. As far as I know, 
it is the first time that gomenol has been used in the spinal canal, and it 
is not toxic. 
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THE AETIOLOGY AND MECHANICS OF MASSIVE 
ATELECTASIS! 


EPHRAIM KOROL? 


Massive atelectasis does not occur except in patients who are confined 
to bed. It is found as a rule in those obliged to recline in one certain 
posture. Experience has shown, however, that the condition may be 
prevented by frequent changes of posture and that its symptoms may be 
relieved by rolling the patient from side to side (1). With the above in 
mind let us inquire into the adaptations of the mechanism of respiration 
to changes in posture. 

Respiration in the Supine Position: In the erect and sitting position 
the chest is in partial collapse due to the effect of gravity on the ribs 
and sternum. Landerer (2) measured the force of downward traction 
exerted on the ribs by their own weight and by the weight of the at- 
tached soft parts, diaphragm and heart. In the cadaver he showed the 
total force to equal 1,860 gm., and that upon relieving the ribs of the 
weight they moved upward and forward, that is, assumed an inspiratory 
position. 

On changing from the erect to the recumbent position the ribs are in 
part relieved from the effect of gravity, the weight of the shoulders and 
the attached viscera; as a result, the ribs move upward and forward, 
enlarging the chest. Measurements in a large series of chests of norma! 
adults in our clinic have shown that upon assuming the supine position 
the circumference of the chest increases in every case. ‘The increase va- 
riesfrom1to7cm. In many instances the circumference, during expira- 
tion in the supine position, is larger than that during inspiration in the 
erect posture. The measurements were made at the level of the 6th 
costal cartilages. On changing from the erect to the supine posture, 
signs of emphysema appear over the lungs, namely, increased resonance 
and a decrease in the areas of the heart and liver dulness; the heart’s apex 
beat, visible in the erect posture, may disappear in the supine position. 


1 Published with the permission of the Medical Director of the U. S. Veterans Bureau, w 0 
is not responsible for the ideas or conclusions expressed in this paper. 
2 U.S. Veterans Bureau, Lincoln, Nebraska. 
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In the recumbent posture the mean respiratory position is raised, the 
lungs being in relative emphysema, and the force of inspiration is limited 
as the phase of inhalation begins with the lungs already largely inflated. 

By means of manometric measurements Aron (3) has found that the 
intrapleural pressure rises nearer atmospheric values in dorsal recum- 
bency. The diminished negative intrapleural pressure and the de- 
creased amplitude of respiration in the recumbent position have a slow- 
ing effect on the venous circulation by diminishing intrathoracic suction. 
The chest breathes (aspirates) blood from the veins in the same real sense 
that it breathes air from the trachea. Prolonged recumbency and 
shallow breathing are important factors in the aetiology of postoperative 
thrombosis (4) as well as in the aetiology of massive atelectasis. With 
the diminution of costal expansion in the supine position the diaphragm 
assumes compensatory activity; but after a variable length of time this 
hyperactivity disappears and the diaphragmatic excursions diminish, 
becoming smaller than in the erect posture (Hofbauer) (5) 

In the recumbent position, expiration is facilitated because this act 
begins with the lungs in maximum inflation, but the vital capacity (the 
amount of air expelled from the lungs during a forced expiration following 
a forced inspiration) in the reclining position is diminished, due to the 
deficient power of inspiration. It is to be noted that if there has been 
interference with expiration, as by a surgical incision involving the 
expiratory abdominal muscles, the vital capacity will be reduced still 
lower (8) (9). 

Measurements of the vital capacity in the various body postures, made 
in our clinic, show a decrease in the supine position varying from 3 to 15 
per cent with an average decrease of about 6 per cent. These findings 
are in agreement with those made by Christie and Beams (6) and by 
Rabinovitch (7). 

A reduced respiratory efficiency in the recumbent position is observed 
daily in patients suffering with dyspnoea resulting from circulatory or 
respiratory failure, and these patients breathe more comfortably in the 
erect posture. People with partial nasal obstruction generally breathe 
through the nose in the erect posture, but upon assuming the recumbent 
position they frequently must resort to mouth breathing due to the de- 
creased power of inspiration in this position. 

After prolonged dorsal recumbency the air exchange is greatly dimin- 
ished, the tidal air and the vital capacity are decreased, and there is a 
disposition to the development of atelectasis, especially in the dependent 
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and distal portions of the lungs. This disposition is particularly notice 
able in individuals with enfeebled musculature due to prolonged illnes: 
or disuse, as in the cachectic, the senile, and in infants, as well as in case: 
of general weakness following surgical shock. We know that respirator: 
infections, which may be insignificant in an ambulant individual, ofte 

prove very serious or fatal in those confined to bed. That these ‘term 
inal” bronchopneumonias and hypostatic pneumonias are in larg 

measure due to atelectasis has been repeatedly emphasized. Krehl (10 

and Sewall (11) have, among others, called attention to this point. 

Muller, Overholt and Pendergrass published observations (12) on th: 
external respiration following abdominal operations. They found tha 
the chest circumference increased and that the diaphragm assumed 
high position and made small excursions, and that the lung volume wa 
diminished. These authors were dealing with patients recovering from 
surgical operations and attributed the “hypoventilation” of the lungs to 
the effect of laparotomy. As described in the preceding paragraphs, th« 
changes observed by Muller and collaborators occur in many cases of 
enforced recumbency even without surgical operations. The abdom-. 
inal incision renders deep breathing painful and interferes also with 
changes in posture, and so favors underinflation of the lungs. While it 
is true that massive atelectasis is frequently observed after abdominal 
operations, it also occurs in nonsurgical conditions which confine the 
patient to bed and interfere with deep breathing. We have observed 
massive atelectasis in pulmonary tuberculosis, in general paralysis, in 
comatose states (alcoholism and epilepsy), in circulatory failure, and as 
complications of acute infectious diseases. 

On examining the posture of lateral recumbency we see that the effect 
of gravity and of the traction of the viscera is such that the recumbent 
hemithorax is compressed while the upper side is enlarged by the eleva- 
tion and separation of the ribs and the descent of the diaphragm. On 
the under side the diaphragm rises, due to increased abdominal pressure 
caused by the sagging of the viscera, while in the upper abdominal! 
aspect the pressure falls and permits a low position of the diaphragm on 
this side. The mediastinum shifts toward the lower side. The lower 
lung is in a position of expiration; the upper lung is emphysematous. 
Over the lower lung there is decreased resonance and increased conduc- 
tion of the breath- and voice-sounds (due to partial collapse of the lung ; 
over the upper lung there is hyperresonance and diminished conductio:: 
of sounds. Adams and Pillsbury (13) ascribed this improved conductic 
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over the lower side to the bed acting as a resonator; however, the same 
phenomenon is observed even when the lower side is not supported or 
when the subject leans over to one side. In the lower lung, conditions 
are theoretically favorable for inspiration, because expansion begins with 
the lungs in complete expiration, but the ribs in their excursion must 
overcome the weight of the entire chest and the diaphragm has to over- 
come an increased abdominal pressure. Nevertheless, in the healthy in- 
dividual the muscles of respiration overcome these handicaps, so that in 
the lower lung the air exchange is, at least for a time, much better than 
in the upper lung, and on fluoroscopic examination the vigorous action 
of the lower diaphragm is particularly conspicuous. But this hyper- 
activity of the diaphragm soon ceases (14), and the recumbent lung be- 
comes small and quite motionless. At this time the breath-sounds over 
the lower lobe are feeble, and, with the decreased resonance, the findings 
are not unlike those of pleural effusion. Under these circumstances 
pleurisy with effusion of empyema may be erroneously diagnosed and 
tapping of the pleural cavity may be attempted. Such errors have been 
reported by Sewall (15) and by Barr (16). For differential diagnosis 
the patient should be rolled over on the other side, and the atelectatic 
lung is thus likely to become inflated as the hemithorax enlarges with 
the change in position. This procedure of rolling the patient from side 
to side is likewise frequently effective in the treatment of massive atelec- 
tasis, and it is interesting to recall the old Marshall Hall method of arti- 
ficial respiration after drowning, which consists in rolling the body from 
prone to lateral position (17). We would repeat, for emphasis sake, 
that each hemithorax goes through an inspiratory movement when it is 
turned upward and is compressed when it is turned downward. 


BRONCHIAL OCCLUSIONS A CONCOMITANT OF ATELECTASIS 


It is known that during respiration a good deal of serum is exuded from 
the pulmonary capillaries into the lung passages and exhaled in the 
orm of water vapor. Expired air is very nearly saturated with water, 
which can be seen when we exhale into the cold atmosphere on a frosty 
lay. 

Now in the atelectatic lung, while the air-exchange is diminished the 
irculation of blood continues, and the result is an accumulation of fluid 
n the air-passages. In addition, the normal secretions of the bronchial 
nucous glands (and abnormal secretions, if present) accumulate, for 
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there is no expiratory current of air to propel the secretions toward the 
tracheal bifurcation. 

Patients who maintain one type of posture, because movement is pain 
ful, or through weakness, dyspnoea or unconsciousness, will frequently 
refrain from coughing and from deep breathing for the same reasons 
Naturally, secretions thus accumulate, and the small bronchioles, with a 
calibre of about one millimetre, are easily occluded by these secretions 
which are viscid and hard to dislodge. As fluid accumulates in th 
bronchioles, it overflows into the lumina of communicating bronchi 
which lead to air-bearing lobules, and thus causes the collapse of ney 
areas. Thus we go from bad to worse, in that the increased airlessnes: 
of the lung leads to increasing amounts of secretion in the bronchi, which 
in turn causes the collapse of new lobules. Under these conditions it is 
hard to determine which is the primary factor, the collapse of the alveo! 
or the bronchial occlusion. A vicious circle is established, which unde: 
suitable circumstances leads to rapid deflation of the affected lung. 


THE PRODUCTION OF SYMPTOMS IN MASSIVE ATELECTASIS 


The respiratory distress in massive atelectasis is a striking symptom, 
and is out of proportion to the extent of pulmonic disablement. In lobar 
pneumonia and pleural effusion no such degree of dyspnoea is observed. 
The dyspnoea, cyanosis, rapid pulse, and appearance of shock are 
reminiscent of the symptoms presented in open pneumothorax. Mas- 
sive atelectasis and open pneumothorax have certain factors in common 
which are the cause of these severe symptoms, namely, the great differ- 
ence in intrapleural pressure on the two sides of the chest, the great 
fluctuations in intrapleural pressure on the affected side with each respira- 
tory phase and the mediastinal vibration with respiration and, finally, 
the vicarious breathing of one lung into the other. 

These phenomena of open pneumothorax have been repeatedly dis- 
cussed in the literature (18) (19) (20). In articles published elsewhere 
(21) (22), we have discussed the fall of intrapleural pressure in atelectasis, 
the causes of the mediastinal displacement, and the migration of the 
mediastinum with each respiratory act in cases of extensive unilatera! 
atelectasis. 

In the functionless atelectatic lung, the respiratory passages, if paten‘, 
add to the respiratory “dead space,” and thus diminish the efficiency ©! 
the good lung. The intrabronchial pressure of the functionless lung 's 
nearly that of the external air and does not vary much with the respira- 
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ory phases. In the better lung, with its compensatory activity there is 
. marked fall of intrabronchial pressure during each inspiration and a 
ise of pressure during each expiration. At the time of inspiration air 
nters the functioning lung, not only from the trachea but also from the 
ower lung, where the pressure is approximately the same as in the tra- 
hea; at the time of expiration air will escape into the lower lung, as well 
as into the atmosphere; thus, during the succeeding respirations the good 
lung will breathe stale air from the other lung. 

The dyspnoea is the more pronounced as the stale air reaches the 
alveoli before the fresh atmospheric air. This paradoxical breathing 
from one lung into the other is in part occasioned by the narrowing of the 
clottis during forced expiration while the interbronchial communication 
remains unchanged. In atelectasis of the right lung the conditions are 
more favorable for paradoxical breathing, due to the direction and calibre 
of the right main bronchus. 

On physical examination it may be observed that on the affected side 
of the chest the interspaces are further retracted with each inspiration 
and this phenomenon is seen best in the thin individual with wide inter- 
costal spaces. In the fluoroscope the affected lobe is seen to move up- 
ward with the ribs (paradoxical movement) and to become smaller dur- 
ing inspiration. During expiration the lobe moves down and enlarges. 
The diaphragm may also go through paradoxical excursions. If there 
are mediastinal adhesions preventing the to-and-fro movement of the 
mediastinum, the paradoxical breathing will be less marked or even ab- 
sent. Under these circumstances massive atelectasis may occur without 
symptoms. ‘The conditions here are analogous to those of open pneu- 
mothorax in cases of rigid mediastinum, when the symptoms may be 
slight. The raising of the intrapleural pressure on the affected side 
by the injection of air will also ameliorate the symptoms in massive 
atelectasis (23). 

Paradoxical breathing, however, is only possible when the main bron- 
chus of the atelectatic lung remains patent. When there is excessive 
secretion in the bronchi the secretion gradually accumulates, rises in the 
smaller bronchi, and drains toward the large bronchus of the lower lobe. 
As this bronchus is filled to overflowing its contents will suddenly spill 
over into the large bronchus of the upper or middle lobe, thus shutting 
ofi at once the entire lobe from respiration. At this moment there is a 
suiden increase in dyspnoea and the patient begins to make violent 
efforts at expectoration. It is at this stage that examination discloses 
the physical and X-ray signs of atelectasis. 
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SUMMARY 


1. In prolonged dorsal recumbency the occurrence of atelectasis j 
favored by the poor ventilation in this position (a decrease in the tida 
air and vital capacity) and the inactivity of the diaphragm. Mam 
cases diagnosed as terminal bronchopneumonia and hypostatic conge: 
tion are really instances of atelectasis. 

2. In prolonged lateral recumbency the occurrence of atelectasis 
favored in the recumbent lung by the increased weight and compressio 
exerted on the lower hemithorax and the inactivity of the lower half 0! 
the diaphragm. 

3. The various pathological states, which confine a patient to one 
certain posture in bed, generally also interfere with vigorous respiration 
and coughing. Surgical operations on the chest or abdominal wall fur- 
ther reduce the respiratory efficiency by injuring the muscles of respira- 
tion and by causing pain on deep breathing and on turning from side to 
side. 

4. Occlusion of a large bronchus is not necessary for the initiation of 
atelectasis or for the development of the typical symptoms of dyspnoea, 
cyanosis, efforts at expectoration, etc. 

5. Massive atelectasis can occur without the occlusion of large bron- 
chi. The respiratory distress in such cases is caused not only by the 
depleted lung reserve, but largely by the vicarious breathing from one 
lung into the other. 

6. In cases with occlusion of a large bronchus the symptoms are 
precipitated by the overflow of secretions from the lower-lobe bronchus 
into an upper-lobe bronchus. 
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Fic. 1. A. Film take in inspiration, patient standing erect. 

B. Film taken in inspiration, at same sitting and at same tube distance as A but the patient 
leaning over to the /eft side. Note that the ribs on the lower (left) side are slanting, that is, 
re in expiratory position, while the ribs of the upper side are more horizontal than in the erect 
osture. The lower lung is smaller, due to crowding of the ribs, encroachment of the heart 
nd ascent of the diaphragm; the upper lung is larger, due to elevation of the ribs, shifting of 
ie heart, and descent of the diaphragm (the right costophrenic angle is particularly wide and 
eep as compared with A). The cavities in the right lung are also larger; note especially the 
ivity at the level of the fifth costal cartilage and the cavities immediately above and below 
1e clavicle. The entire thorax and the individual ribs are not larger on this film than A. 
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Fic. 2. A. Bedside picture. Patient sitting, taken in inspiration. There is partial] 


pneumothorax, collapsing the base of the left lung. The right lung is much larger than the 


left. 

B. Inspiration, with patient lying on right side. (The patient had maintained this posi- 
tion two days after A.) The right lung is now much smaller than the left; the diaphragm is 
placed high on the right side and the heart is displaced to the right. The left lung is emphy- 
sematous and even the atelectatic base has been expanded in part. The pneumothorax 


remains unchanged. Note the sagging of the abdominal viscera. (See text, page 278.) 


A B 


Fic. 3. Case of atelectasis of right upper lobe, developing during attack of facial erysipelas 
A. Inspiration. The right upper lobe is collapsed. The left lung is much larger than th: 


right. The heart is dispaced to the right. 
B. Expiration, taken at same sitting as A. The atelectatic lobe is larger and air-bearin; 


during the phase of expiration (paradoxical breathing). The heart and trachea have move: 
to the left (pendulum movement of mediastinum in atelectasis.) (See text, page 281.) 
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EPITUBERCULOSIS 


Report of an Unusual Case with Autopsy Findings! 


B. GOLDBERG anv B. M. GASUL 


Epituberculosis may be defined as a specific infiltration of a large area 
of lung tissue on an allergic basis, etiologically characterized clinically 
by subacute onset, mild symptoms and physical findings suggestive of 
consolidation; and characterized roentgenologically by a heavy, more or 
less homogeneous shadow density over the whole or greater part of the 
affected lobe. 

The mild onset, the benign course, and the findings of pulmonary 
consolidation are suggestive of the exudative and inflammatory processes 
incident to the phenomenon of allergy. As a further indication of the 
role of allergy in epituberculosis, cases are instanced in which the infiltra- 
tion of the lung followed a tuberculin reaction. 

In a recent article (1) we presented 10 cases of epituberculosis which 
we had followed up for over two years; we concluded, “clinically these 
cases of epituberculosis represented a definite entity; that in the great 
majority of instances they can be definitely diagnosed and differentiated 
from tuberculous pneumonias and chronic, nonspecific pneumonias.” 
We further stated that “our clinical experience and the one reliable 
autopsy reported in the literature seemed to show that pathologically 
epituberculosis may, in some cases, represent a nonspecific collateral 
inflammation, in others a large atelectatic area, and, in still others, the 
infiltrate may be a definite tuberculous structure which may go on either 
to calcification or easily to caseation and cavitation.” 

Although in the great majority of cases an epituberculosis represents a 
beneficial, immunological process of the body against the tubercle bacil- 
us, the original view of Eliasberg and Neuland (2) that epituberculosis is 
a nonspecific reaction of the lung toward the tubercle bacillus, always 
resulting in a resolution, has been opposed by Engel (3), Gravinghoff 
4), Langer (5), and others. Unfortunately, to date, as has been stated, 
-here has been but one autopsy reported, and this regrettable fact has 


1 From the University of Illinois Coliege of Medicine. 
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left the door wide open for discussion and theory. In view of this, we 
believe that the case we are describing, which proves the tuberculous 
character of the so called epituberculosis, in at least the patient dis 
cussed, will prove of interest. 


J. M., colored, age 6 years, with no apparent history of contact to tuberculosis 
first seen at the dispensary on February 2, 1929. Chief complaint was poo 


Fic. 1. April 4, 1929. Epituberculous infiltration of right upper lobe 


appetite and a slight cough, especially at night. As regards previous illnesses, 
the patient had had measles and whooping cough; the family history was negi:- 
tive for tuberculosis. The essential physical findings were temperature 100.6 , 
pulse 108, respiration 20, weight 473 pounds, height 47 inches, and increase< 
vocal and tactile fremitus, with dulness and bronchial breathing over t!e 
entire right upper lobe. 

No changes in the physical findings were noted over a period of three months, 


when the dulness and bronchial breathing began to disappear. Roentgen rays 
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taken at monthly intervals showed a gradual absorption of the infiltrate. 
The general condition remained good throughout. The temperature, after the 
initial examination, did not go above 99°; the appetite .was good, and the pa- 
tient gained 8 pounds in eleven months. 

The roentgen-ray film, taken on October 9, 1929, showed an almost complete 
absorption of the infiltrate. The patient remained in good condition with no 
:ppreciable change until January 23, 1930. On this date another tuberculin 


Fic. 2. September 12, 1929. Considerable resorption of epituberculous infiltration five 
months after first film. 


test was performed. The Dermatubin test was used, and its application was 
followed by a rather unexpected phenomenon,—a severe loca], focal and gen- 
eral reaction. The physical findings immediately changed; dulness and 
bronchial breathing were noted over the entire right lung and these findings 
were confirmed by the roentgenogram. X-ray films, taken serially after the 
date of reaction, showed a gradual absorption of the infiltrate in the right 
lung. 
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On May 7, 1930, the child again came under observation. At this date t! 
mother brought the child to the hospital, and the physical findings were in 
paired resonance and diminished breath-sounds over most of the right Jun 
and marked distention of the abdomen, with shifting dulness in the flanks. 

The Dermatubin test made at this time was strongly positive. The bloo:| 
showed 75 per cent haemoglobin; 12,600 white blood cells, with a differenti 


Fic. 3. January 30, 1930. Complete epituberculous infiltration of right lung, following 
Dermatubin tuberculin test. 


showing 68 per cent polymorphonuclears, 30 per cent lymphocytes, and 2 per 
cent monocytes; the urine examination was negative. 

A paracentesis abdominalis revealed clear, yellowish-green fluid with specific 
gravity of 1.020. Guinea-pig-inoculation test was negative. 

The patient’s condition gradually grew worse, his temperature varyin 
from 99° in the morning to as high as 104° in the evening; he died on Jul 
24, 1930. 
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The Autopsy 


The autopsy revealed: (1) caseous tuberculosis of the right hilum lymph 
nodes, with softening and erosion of the main branches of the bronchial tract 
in the lower portion of the upper lobe; (2) caseous bronchopneumonia of the 
right upper pulmonary lobe; (3) fibrocaseous tuberculosis of the peritoneum; 
(4) ulcerative tuberculosis of the large intestine; (5) miliary tuberculosis of the 


Fic. 4. February 14, 1930. Evidence of beginning resorption of infiltrate in the right | 
ung; also increase in bronchopulmonary hilar lymph nodes on the left side, with a mild exu- : 
lative process involving the left apex. 


‘ver and spleen; (6) caseous tuberculosis of the mesenteric, periportal, peri- 
astric and peripancreatic lymph nodes; (7) brown atrophy of the myocardium 
nd liver; (8) severe cloudy swelling of the kidneys; (9) marked emaciation 
nd dehydration. 

SUMMARY 


Our case can be regarded clinically and roentgenologically as typical 
f the original description of Eliasberg and Neuland. The onset of the 
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disease was subacute. There was a subfebrile temperature until the 
patient’s admission to the hospital. The cough at first was not prom- 
inent. The general condition was good in spite of the extensive con- 
solidation of the right upper lobe. The X-ray pictures showed a dense 
homogeneous shadow over the involved area, pursuing the gradual, slow 
absorption characteristic of an epituberculous lesion. 


Fic. 5. May 1, 1930. More clearing of infiltrate in the right lung. The left tracheobron- 
chial and bronchopulmonary hilar lymph nodes show further increase in size. 


On January 23, 1930, occurred a severe focal reaction following a tuber- 
culin test. As part of this reaction there occurred dulness and bronchial 
breathing over the entire right lung. These findings were confir'med by 
the roentgen ray. The focal reaction in itself may be considered as ev! 
dence of the tuberculous nature of epituberculosis. Inasmuch as foca 
reactions following the use of tuberculin are said to occur only in spec!!! 
cally affected tissue, the recrudescence of the lesion and the involveme: 
of the lung tissue beyond the original area should definitely point out 
tuberculous nature of this condition called epituberculosis. 
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This conclusion was borne out by autopsy in this particular instance 
beyond any possibility of doubt. The autopsy showed caseation of the 
right hilum lymph nodes, with erosions of the main branches of the 
bronchial tree, in the lower portion of the upper lobe. This ceaseation 
and spread gave rise to the occurrence of a generalized tuberculosis. 


CONCLUSION 


In this particular case of epituberculosis, the normal course of an epi- 
tuberculous lesion was first pictured; and the occurrence of a local, focal 
and general reaction following a Dermatubin test was described, indicat- 
ing the specific nature of the case. The autopsy, showing generalized 
tuberculosis originating in the right hilum nodes, confirmed the belief 
that the lesion has been from its inception tuberculous. 
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TUBERCULOUS ABSCESS OF THE BRAIN 
Case Report! 


GEORGE F. EVANS ann CHARLES E. SMITH 


This case is reported because of the seeming rareness, in the literature, 
of tuberculous abscess of the brain, particularly in a child the age of the 
one reported, and because of several unusual features which the case 
presents. 

Schorstein (1) has probably reported the largest collection of abscesses 
of the brain secondary to disease of the lung. In his series of 69 cases, 
the aetiological factors were bronchiectasis in thirty-eight, or 55 per cent; 
empyema in fifteen, or 22 per cent; gangrene of the lung in six, or 9 per 
cent; tuberculosis in three, or 4.5 per cent; acute pneumonia in two, or 
3 per cent; abscess of the lung in two, or 3 per cent; and foetid bronchitis 
and empyema in two, or 3 per cent. In 51 cases of abscess of the brain 
secondary to pulmonary disease he found that 62 per cent were single, 
while 38 per cent were multiple. Eagleton (2) stated that 45 per cent of 
metastatic abscesses of the brain were solitary, and that in pulmonary 
disease the left side of the brain is the site of metastatic abscesses three 
times more commonly than the right, the frontal lobe being the most apt 
to be the seat of the abscess, and the cerebellum being the least fre- 
quently attacked. 

Although this child presented definite pulmonary lesions, yet the most 
striking lesion was that of the skin involving the left anterior portion of 
the neck, extending posteriorly to the tip of the mastoid process, wit! 
multiple sinuses and necrosis of tissue between them, extending from the 
mandible to the clavicle laterally, and over an area 6 inches wide medially 
(figures 1, 2, 3 and 4) over the chest to the xiphoid process. 


CASE REPORT 


White female, age 14, single, school-girl, admitted July 16, 1929. Complaiit, 
ulceration and infection about the neck of 8 years’ duration. Family history 
disclosed insanity and tuberculosis of mother and maternal aunt, respective:y, 


1From the State Tuberculosis Sanitarium, Hopemont, West Virginia. 
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vith contact. Past Illnesses: Pertussis, with an operation upon the hip, nature 
f operation undetermined, and influenza. Present Illness: Patient well until 


i 


Fic. 1 


| 

2 

Fie. 2 
y 
, eizht years of age, when developed lymphadenitis about ramus of left jaw, i 


fo'lowed by suppuration, with gradual extension over entire left anterior por- 
tion of neck, involving skin, and extending posteriorly to the tip of the mastoid 
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process. At eleven years of age multiple sinuses had developed, with necrosis 0 


tissue between them, extending from mandible to clavicle laterally, and over a: 
area 6 inches wide medially as low as the ensiform cartilage. Pus, greenish-gra 


Fic. 4 


in appearance, with foul odor, could be expressed from these areas. Tre 
ment of all kinds, including ultraviolet and X-ray irradiation, had been tri 
during the past year, but to no avail. Admitted with a slight cough, occasio 
epistaxis, some dyspnoea on exertion, indigestion, fever of 102.8°F., pulse 1' 


~~ 4 — 
j 
i 
4 
We 
By 
Fic. 3 
; { q 
' 
i 
| 
3 : 
4 
ig 4 
j 
| 
’ 
a 
~ 


TUBERCULOUS ABSCESS OF BRAIN 295 


respiration 22, slight chilly sensations at times, nervousness, irregularity of 
bowels, and no abdominal pains. Eye, ear, nose and throat examinations 
negative. Chest examination disclosed lagging of right upper half, with in- 
creased vocal fremitus from right apex to 4th rib anteriorly, posteriorly from 
apex to 8th thoracic vertebra, and on the left, anteriorly, from apex to ist 
rib, and posteriorly from apex to 4th dorsal vertebra. Percussion disclosed 
decreased resonance right, anteriorly, apex to third rib, and left anteriorly, 
apex, supraclavicularly; posteriorly, vertebral dulness to 6th dorsal spine, 
with dulness of both apices, supraspinous (scapulae) left, to middle scapula 
right. Auscultation revealed moderately coarse rales anteriorly to 3rd rib, 
and to spine of scapula posteriorly, right; and moderately coarse rales ante- 
riorly at apex, with small area above spine of scapula posteriorly, left. D’Es- 
pine’s sign and Smith’s sign, positive. Abdomen, pelvis, and neurological 
examination negative. Extremities negative, except right hip, where longi- 
tudinal scar present. No evident shortening of right extremity. X-ray 
examination revealed widening of the mediastinum, with parenchymatous 
infiltration, right side, apex to 4th rib, moderate; costophrenic angle obliterated 
this side; left side, parenchymatous infiltration, apex to 3rd rib, moderate. 
Heart shadow normal in size and shape. Diaphragm, both sides, regular. 
Smear from pus expressed from skin sinuses positive for tubercle bacilli. 
Guinea-pig inoculation of same pus negative. Specimen of sputum could not 
be obtained. Urine chemically and microscopically negative. Blood Wasser- 
mann and Kahn negative. Erythrocytic sedimentation time, Linzenmeier 
method, 22 minutes. Erythrocyte count, 4,560,000; leucocyte count, 10.800; 
haemoglobin, 65 per cent. Differential count disclosed 84 per cent polymor- 
phonuclears and 16 per cent small lymphocytes. Mantoux test, Koch’s Old 
Tuberculin, 0.1 mgm., 3 plus. Treatment consisted of bed-rest, ultraviolet 
irradiation at bedside, regular hospital diet, and subcutaneous injection of 
Negre’s tuberculous antigen. 

Progress notes disclose the following: Daily temperature range from 98°, 
A.M., to 100°, p.m. Gain in weight, 8 pounds in eight weeks. Patient doing 
nicely, skin lesion drying up, with formation of granulation tissue, and marked 
decrease of drainage from multiple sinuses, until Septemker 10, 1929, when 
patient had an unilateral convulsion, no aura, duration ten minutes; shortness 
of breath following, but no cyanosis. Physical examination disclosed bilateral 
Babinski and ankle clonus; right side Oppenheimer positive, knee jerk markedly 
exaggerated, mouth drawn over to left and tongue to right, loss of power entire 
right side; temperature range 99.2°, a.m., and 100.8°, P.M., with A.M. pulse of 
104 and p.m. pulse of 100. Kernig and Brudzinski signs positive. Zinda’s 
and Macewen’s signs not elicited. Pupils equal, regular, and reacted to light 
and accommodation. Examination of urine negative. Convulsions.now ap- 
peared daily, with increasing severity for three weeks, when treatment with 
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luminal, gr. iss, given once daily, caused cessation of convulsions. However, 
hemiplegia now becoming more marked daily. If luminal stopped, convulsive 
attacks recurred. On October 8, physical condition growing worse. Spinal 
puncture made: about 6 cc. of clear fluid withdrawn, with positive pressure; 
cell count 9; differential, 100 per cent small lymphocytes, albumen and globulin, 
trace; Kahn negative; Benedict’s test for sugar, delayéd positive reaction: 
bacteriological examination and guinea-pig inoculation negative. Tempera- 
ture range during the past several weeks from 99°F., a.m., and 101.2°F., p.m, 
with pulse range of from 88 to 128. Evening temperature always highest, with 


Fic.-5 


highest pulse rate also in evening. On October 20, loss of extension of right 
ankle, paralysis of right hand, with right-sided facial paralysis. On November 
12, increased paralysis, involving entire right side. On November 18, spinal 
puncture showed increased pressure, cell count 8, albumen and globulin posi- 
tive, lymphocytes 100 per cent, sugar and chlorides positive, bacteriological 
examination negative. Severe headache following puncture, involving whole 
head. Macewen’s sign suggestive. Ophthalmological examination by Dr. 
Lloyd Jones, Wheeling, West Virginia, disclosed bilateral choked discs. Diag- 
nosis: Brain abscess, involving left frontal lobe. Child now shows develop- 
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ment of mental symptoms, and is dull, apathetic, and talks incoherently at 
times. Newly formed tissue which had appeared over skin lesion is rapidly 
breaking down. Headaches occasional but not severe. On December 8, 
unconscious and comatose, and, on December 9, decease. 


NECROPSY REPORT 


Dr. C. C. Fenton, pathologist of the West Virginia University School of 
Medicine, returned the following report on the brain: 


No evidence of meningitis. Dura peels from the skull and brain with ease. Convolutions 
flattened over abscess left frontal hemisphere. On section, thick greenish pus exuded from 
an abscess, well walled, abscess being about 2 inches in diameter, globular, in left frontal lobe. j 
(figure 5). Microscopic examination (Gabbet’s stain) of pus revealed abundant tubercle 
bacilli with typical morphology. Microscopic examination of section of brain bordering on u 
liquefied area revealed the following: i 
The outer layer of brain tissue showed practically no important changes with the exception ‘ 
of slight oedema. Bordering upon the necrotic area, there was noted a circumferential pro- ft 
liferation of connective-tissue cells. There was likewise noted a number of new capillaries 4 
lying among the fibroblasts. These young capillaries were congested, The central area i i 
was composed of necrotic tissue, leucocytes and lymphocytes. i 
Material from abscess was stained by Gram’s method. No other organisms noted but ii 
tubercle bacilli. 
Diagnosis: Tuberculous abscess of the brain. 


The lungs and heart were removed by the authors, who found grossly the 
following: 


Both apices adherent to chest-wall, with about 100 cc. of serous fluid in pleural cavity. 
Tubercles and areas of caseation from the size of a pin-head to a pea were scattered throughout 
both apices and the middle lobe of the right lung, with some fibrosis in the right apex. Both i 
lower lobes appeared normal. Mediastinum contained a mass of matted lymph nodes, some ; 
calcified and some caseous. Pericardium appeared normal. Heart normal in size and shape; 

heart muscle somewhat pale and flabby; valves normal. Microscopic study not made. 

Abdomen not opened. 


COMMENT 


Eagleton (2), who substantiates his hypothesis by the experiments 
of Arnold (3), is of the opinion that abscess of the brain secondary to 
suppuration in the lungs, is primarily of thrombotic or venous origin, 
the brain being peculiarly susceptible to such a portal of entry, whereas 
the brain possesses a resistance, much greater relatively, to infective 
emboli, such as may occur in ulcerative endocarditis. Arnold was able 
to demonstrate that by an injection of bran into the large veins of the 
neck, in cases in which interference with the normal intrathoracic nega- 
tive pressure had occurred, particles of bran were found in the opposite 
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venous sinus. According to his experiment the venous circulation from 
the head to the heart is reversed when a positive intrathoracic pressure 
is encountered. In view of the fact that we not only had a widening of 
the mediastinum, but definite lymph-node enlargement throughout, there 
is a probability of increased intrathoracic pressure. Given then the sup- 
purating sinuses on the left side of the neck, many of them deep, we can 
readily see a repetition of Arnold’s experiment, this time, instead of bran, 
living virulent tubercle bacilli being injected into the large veins or their 
tributaries of the neck, with a reversal of the venous circulation and a 
resultant thrombophlebitis of the brain resulting, with abscess-formation. 

Gardner (4) beautifully explains why abscess of the brain is so common 
after suppurating pulmonary disease, and so rare in ulcerative endocar- 
ditis. His explanation is that “in the latter cases there is always a blood 
stream infection with showers of emboli thrown off from the valves of the 
heart; metastatic abscesses are frequently found in other organs of the 
body but only rarely in the brain.”” He explains this by the normal 
resistance of the brain tissue to suppuration. However, the protective 
mechanism of the brain may be upset by the circulatory changes induced 
by the paroxysms of coughing so frequent in suppurative pulmonary 
disease. Coughing and straining result in a positive intrathoracic pres- 
sure, forcing the venous blood out of the chest, as shown by the dilated 
jugular veins during these acts. Thus there is a damming back of venous 
blood into the cerebral veins. At the same time there is a change in the 
arterial circulation. As a result of the decreased venous return to the 
heart, occasioned by the positive intrathoracic pressure, there must also 
be decreased arterial output from the heart, causing a transient ischaemia 
of the brain. That this actually takes place is demonstrated by the 
fact that transient loss of consciousness frequently occurs in vital- 
capacity tests when the subject is forcibly expiring against resistance. 
These two facts, that is, venous engorgement and arterial ischaemia as 
a result of coughing, must render the lodging of a thrombus easier, and at 
the same time temporarily lower the normal resistance of cerebral tis- 
sues, giving the implanted organisms a better chance to grow. The only 
venous pathways, anatomically, as Gardner (4) has pointed out, by which 
a pulmonary embolus may be carried to the brain, are by means of the 
small bronchial and pulmonary veins which empty into the azygos and 
hemiazygos veins, and thenceinto the superior vena cava; thence, provided 
the venous circulation is reversed, they may be carried by the innominates 
to the internal jugulars, back through the sinuses, into the cerebral veins. 
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But the azygos veins, with the hemiazygos on the left side, carry only a 
small portion of the return blood from the lungs, the major portion being 
carried by the large pulmonary veins into the left auricle, and thence to 
the left ventricle and thus into the aorta. Therefore, any embolus which 
leaves the lungs by means of a tributary to one of the large pulmonary 
veins must perforce constitute an arterial embolus. 

This abscess may have been metastatic from either the lungs or the 
skin lesion. 
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OLD TUBERCULIN ADMINISTERED SUBCUTANEOUSLY 
FOR DIAGNOSIS! 


JOHN STEIDL anp FRED H. HEISE 


Since Koch originally prepared tuberculin a great deal of work has been 
done, demonstrating the exquisite sensitiveness to this material of indi- 
viduals infected with the tubercle bacillus. Many varieties of tuberculin 
and several methods of administration have been used. The subcutane- 
ous method of administration, however, in addition to demonstrating the 
sensitiveness of patients to very high dilutions (a property which is com- 
mon to other methods of administration), has been widely used with the 
deliberate intention of provoking a focal reaction about the lesion sus- 
pected of being tuberculous. 

Fortunately for the comparison of results, most of the important work 
has been done on the variety known as Koch’s Old Tuberculin, although a 
number of different strains of tubercle bacilli have been used in the prepa- 
ration of this variety. In general, graduated doses have been given begin- 
ning with 0.000,1 cc. and increasing to 0.01 cc., until a reaction resulted. 
Some workers, however, have begun with smaller doses and some have 
used considerably more than 0.01 cc. before abandoning the attempt to 
elicit a reaction. Ags 

Early trials with the subcutaneous method of administration showed 
that a symptomatic reaction without a focal reaction was of little impor- 
tance in the diagnosis of pulmonary tuberculosis. (One must remember 
that for many years following the discovery of tuberculin, focal reactions 
in the lungs could be judged, not by the roentgenograph but by physical 
signs, and of these probably the moderately coarse rale was the only very 
reliable one.) 

Beck at the Institute for Infectious Diseases in Berlin, from the sum- 
mer of 1891 to the fall of 1897, was able to collect a series of 2,505 patients 
who submitted to the test. Of these, 1,746 had no clinical evidence of 
tuberculosis, yet 47.9 per cent reacted. Four hundred Austro-Hungarian 
army recruits were submitted to the test and reported by Franz in 1909; 


1 From the Trudeau Sanatorium, Trudeau, New York. 
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61 per cent of these reacted. This entire series was composed of healthy, 
vigorous young men. These are the most important figures which we 
possess on the early application of the subcutaneous tuberculin test to 
large numbers of individuals in whom the diagnosis of tuberculosis had 
not been made. 

There have been many series of cases subsequently reported in which 
tuberculin has been administered subcutaneously to patients suspected 
of having tuberculosis. Fraenkel reported 200 observations in 1904, and 
Roth-Schulz 670 observations in 1906. Most of these patients reacted 
constitutionally; in a rather high percentage, however, there was frank 
clinical tuberculosis. 

From these observations it has appeared that only comparative infor- 
mation has been available and that of rather limited clinical value. In 
other words, a constitutional reaction to subcutaneous tuberculin in any 
individual case told these workers very little as to the presence, extent or 
progression of tuberculosis in that individual. Remembering that all 
these observations preceded the era when the roentgenograph was used in 
the diagnosis of pulmonary tuberculosis, we know from subsequent experi- 
ence that there must have been a certain number of these cases showing a 
focal reaction, which entirely escaped detection, such as can now be 
demonstrated by roentgenographs. 

In the course of time it became apparent that the subcutaneous test 
could be considered with certainty only as an index of tuberculous infec- 
tion and not of tuberculous disease unless a focal reaction occurred. . It 
was believed from the work of Krompecher and Roemer on animals that 
the degree of tuberculin hypersensitiveness could be used as an index of 
progression of the disease. It was found, however, that the correlation 
existing in animals between hypersensitiveness and progression of the 
disease did not apply to man. It is true that in a general way an extreme 
grade of hypersensitiveness in man often signifies a progressive lesion, 
but in individual cases the correlation often breaks down. The test then 
came to be used merely as an additional (and unfortunately a frequently 
unimportant) piece of evidence in making or excluding the diagnosis of 
tuberculosis. 

It also came to be believed that a failure to react to subcutaneous 
tuberculin almost always meant that no tuberculous lesion was present or 
that it was inactive, that is, that it was not easily accessible to the circula- 
tion of the body fluids. If such a patient had symptoms it was believed 
that such symptoms were not due to tuberculosis. Asa corollary to this 
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it was believed that a focal reaction gave crucial information and that a 
patient showing such a reaction was suffering from tuberculous disease 
which was active or potentially active and that he needed treatment. 

In 1920 Brown and Heise published the results of twenty-four years’ 
experience with the subcutaneous tuberculin test, basing their conclusions 
upon 324 patients. They concluded that those who failed to react to a 
second dose of 0.01 cc. of O.T. could safely be returned home to work, 
that when the test is positive it indicates a tuberculous infection, but that 
when accompanied by definite clinical changes, or more surely by increase 
of X-ray changes, it indicates that the lesion is more accessible to circula- 
tory changes and presumably less firmly cicatrized (healed). Most of 
the cases in this series were studied before the application of the roentgeno- 
graph to pulmonary tuberculosis. 

There have been other reports on the use of Old Tuberculin subcu- 
taneously for diagnostic purposes. A search of the literature, however, 
did not reveal any with comparable radiographic control to the present 
series, and it seemed therefore irrelevant to review this literature exten- 
sively. The following study comprises 419 cases checked by radiographic 
examination before, during and after the test. 


TYPE OF CASES RECEIVING TUBERCULIN TESTS 


It has long been accepted that the administration of tuberculin subcu- 
taneously to patients with progressive pulmonary tuberculosis is an 
exceedingly dangerous procedure, when the dose is sufficiently large to 
provoke a reaction of value in diagnosis. It will be understood, there- 
fore, that in this group the test was not applied to cases in which the 
diagnosis could be made otherwise. In general, it was not applied to 
patients showing a parenchymatous roentgenographic change above the 
third rib, or moderately coarse rales in the same area, or an authentic 
positive sputum. Cases of haemoptysis and pleurisy with effusion were 
given tuberculin when there was doubt concerning the tuberculous origin 
of these episodes. 

A rather broad interpretation has been applied to these criteria, there 
being a very individual consideration of each case, rather than an attempt 
to conform to rigid rules. For example, 144 cases included in the series 
had chest films which were interpreted as showing parenchymatous 
changes by an observer of wide experience; these cases were given tuber- 
culin, however, because a number of the clinical staff questioned the 
presence or the tuberculous origin of such changes, or believed that they 
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were dealing with obsolete tuberculosis. Other cases, with a history of 
having had tubercle bacilli in the sputum prior to admission, were sub- 
mitted to the test because the accuracy of this observation was ques- 
tioned. In yet another group of patients, adventitious sounds were heard 
in the chest, but were submitted to the test because there was no agree- 
ment that such sounds were sufficiently typical of tuberculosis in char- 
acter or location to warrant the diagnosis. 

For the purpose of this study a group of 419 cases were selected, all of 
which had had roentgenographs of the chest taken prior to, at the height 
of the reaction and following it, and all of which had been traced fora 
period of two to fourteen years. Forty-one cases were included, which 
had previously been reported by Brown and Heise; this was done because 
they had had roentgenographs of the chest during the reaction, and rep- 
resented a very small group of their series, but conform quite well to the 
standards of the present study. 

The sex distribution, family history, and history of exposure are seen in 
the following table: 


Positive family history for tuberculosis 
Negative family history for tuberculosis 
Questionable family history for tuberculosis.................cceeeecccccees 


Exposure to tuberculosis in adult life 
Exposure to tuberculosis in childhood 
No history of exposure 

Questionable history of exposure 


TYPE OF REACTION 


Old Tuberculin, from a batch prepared at the Saranac Laboratory by 
Dr. Leroy Gardner, was given subcutaneously in all cases. This tubercu- 
lin was not standardized in the laboratory but it is the same tuberculin 
which has been in use here and elsewhere for many years. This was given 
in graduated doses, ranging from 0.0001 to 0.010 cc., the last dose being 
repeated once. The entire series of tuberculin injections was preceded in 
every case by the subcutaneous injection of 1 cc. of 0.2 per cent phenol in 
sterile normal saline solution for control purposes. 

Two types of reaction to tuberculin thus injected were considered as 
(1) symptomatic and (2) focal. 
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1: Symptomatic reactions were accompanied by elevations of tempera- 
ture one degree or more above that which the patient had had previously; 
and in addition, by general aches and pains, backache, headache, and 
malaise. 

2: Focal reactions were demonstrated by roentgenographs or by 
physical signs. A focal reaction showed in the roentgenographs as an 
increase in the density or area of the shadow suspected of being cast by a 
tuberculous process. A focal reaction was considered demonstrated by 
physical signs when moderately coarse rales occurred in an area of the 
chest where they had not previously been heard. It has been thought 
that roentgenographic films provide more certain evidence of a focal 
reaction, as a rule, than do physical signs. However, of 41 focal reactions 
demonstrated only by physical signs, five relapsed later of tuberculosis, 
while, of 24 focal reactions demonstrated only by roentgenographs, only 
two relapsed. In7 cases the focal reaction was demonstrated both by 


TABLE 1 
Correlation of type of reaction and postdischarge history 


DEAD, DEAD, NOT 


TUBERCULOSIS |TUBERCULOSIS 


ALIVE AND WELL 


No reaction 


Symptomatic reaction only 


Focal reaction 


83 (92.2%) 
229 (89.2%) 
59 (82%) 


6 (6.6%) 
22 (8.5%) 


9 (12.5%) 


0 


4 (1.5%) 
1 (1.37) 


1 (1.2%) 
2 (0.8%) 
3 (4.0%) 


roentgenographs and physical signs, and three of these relapsed. These 
figures would indicate that in this series, physical signs are quite as 
good a criterion of a focal reaction as is the roentgenograph. 

Ninety patients failed to react to the largest dose, 0.01 cc. Two 
hundred and fifty-seven reacted symptomatically only. Seventy-two 
reacted focally. The doses to which the patient reacted apparently had 
no influence on the type of reaction. The age of the patient had no 
influence on the type of reaction, and the age distribution of the group was 
not essentially different from that of all Trudeau Sanatorium patients. 


ROENTGENOGRAPHIC FINDINGS 


The roentgenographs of 215 patients showed no parenchymatous 
lesion before testing. Fiftly of these had no reaction to tuberculin, one 
hundred and thirty-eight had a symptomatic reaction, and twenty-seven 
a focal reaction. Of the fifty who had no reaction, forty-eight are alive 
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and well, and two later developed definite tuberculosis. Of the one 
hundred and thirty-eight who had only a symptomatic reaction, one 
hundred and twenty-nine are alive and well, eight developed tuberculosis, 
and one died of a cause other than tuberculosis. Of the twenty-seven 
who had a focal reaction, twenty-four are alive and well, and two devel- 
oped tuberculosis; one died of a cause other than tuberculosis. 

The roentgenographs of 60 patients showed a questionable parenchy- 
matous lesion. Nineteen of these had no reaction to tuberculin, thirty- 
five had only a symptomatic reaction, and six a focal reaction. Of the 
nineteen who did not react, seventeen are alive and well and two have 
developed tuberculosis. Of the thirty-five who had only a symptomatic 


TABLE 2 
Correlation of roentgenographs, type of reaction and postdischarge history 


ALIVE DEAD, 

AND RELAPSED} TUBER- TUBER- 

— CULOSIS | 
0 48 2 0 0 
Negative roentgenograph...................- S 129 8 0 1 
x 24 2 0 1 
Questionable roentgenographic parenchymatous 0 17 2 0 0 
x 5 1 0 0 
Definite roentgenographic parenchymatous 0 18 2 0 1 
x 30 6 1 2 


Note: 0 = no reaction; S = symptomatic reaction only; and x = focal reaction. 


reaction, thirty-four are alive and well, and one has developed tubercu- 
losis. Of the six who had a focal reaction, five are alive and well, and 
one has developed tuberculosis. 

The roentgenographs of 144 patients were interpreted as showing a 
definite parenchymatous lesion. This group was given tuberculin be- 
cause some of the staff members were unconvinced as to the presence of a 
parenchymatous change, or because it was thought that this change was 
not typical of tuberculosis in character or position. 

Twenty-one of these patients had no reaction to tuberculin, eighty-four 
had only a symptomatic reaction and thirty-nine had a focal reaction. 
Of the twenty-one who did not react, eighteen are alive and well, two have 
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developed tuberculosis, and one is dead of a cause other than tuberculosis. 
Of the eighty-four who had only a symptomatic reaction, sixty-six are 
alive and well, seventeen developed tuberculosis (three of whom died of 
pulmonary tuberculosis and one of abdominal tuberculosis), and one died 
of a cause other than tuberculosis. Of the thirty-nine who had a focal 
reaction, thirty are alive and well, seven developed tuberculosis (one of 
whom died of it) and two are dead of causes other than tuberculosis. 


WET PLEURISY 


Thirty-seven patients gave a history of wet pleurisy. Eight did not 
react to tuberculin; seven are alive and well; and one is dead, but not of 
tuberculosis. Nineteen had only a symptomatic reaction, sixteen are 
alive and well, and three are dead but not of tuberculosis. Ten had a 
focal reaction; nine are alive and well and one has developed pulmonary 
tuberculosis. 


DRY PLEURISY 


One hundred and eighty-nine patients gave a history of dry pleurisy. 
Thirty-nine did not react to tuberculin; thirty-four are alive and well; 
four have developed tuberculosis and one is dead but not of tuberculosis. 
One hundred and fourteen reacted only symptomatically; ninety-seven 
are alive and well; twelve have developed tuberculosis; and five are dead, 
only one, however, of tuberculosis. Thirty-six reacted focally; twenty- 
nine are alive and well; and seven have developed tuberculosis. 


HAEMOPTYSIS 


Seventy-seven patients gave a history of haemoptysis. Seventeen had 
no reaction to tuberculin; fifteen are alive and well; and two have devel- 
oped tuberculosis. Forty-nine reacted only symptomatically; thirty- 
four are alive and well; twelve have developed tuberculosis; and three are 
dead but not of tuberculosis. Eleven had a focal reaction; nine are alive 
and well; and two have developed tuberculosis. 

In general, the association of haemoptysis with wet or dry pleurisy, 
or of any of them with rales or parenchymatous changes as revealed by 
roentgenographs, seemed to increase considerably the likelihood of the 
patient subsequently developing clinical tuberculosis. Subgroups formed 
from such combinations, however, were so small as to make detailed 
study unsatisfactory. 
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POSITIVE SPUTUM FOLLOWING TEST 


The sputum of thirty-five of the 419 cases was said to contain tubercle 
bacilli at some time prior to their admission, or bacilli were found during 
their stay at the sanatorium. Eleven cases gave a history of positive 
sputum in the past, but remained constantly negative during residence. 
Bacilli were found in the sputum of two cases at the sanatorium prior to | 
the administration of tuberculin subcutaneously. Ten cases developed a a 
positive sputum at the height of the tuberculin reaction; four of these 4 
showed no parenchymatous lesion in the roentgenographic films (these he 
cases had Gaffky numbers I, V, I and II respectively), one case showed a | 
questionable parenchymatous lesion in the roentgenographic film (the a 
Gaffky number was II) and 5 cases showed a definite parenchymatous 
lesion in the roentgenographic film (these cases had Gaffky numbers II, I, i 
II, VII and II respectively). Of these 10 cases, four were negative at the | a 
next examination a few days later; the remaining 6 cases continued to be 
positive for periods of time varying from eleven days to five months. 
While 14.4 per cent of 500 consecutive unselected cases admitted to 
Trudeau Sanatorium with a negative sputum on admission had a positive 
sputum at some later time in the Sanatorium, it is difficult to believe that 
the appearance of a positive sputum for the first time at the height of a a 
tuberculin reaction is so often a coincidence. a 

In the remaining 12 cases a positive sputum developed from one | 
to nine months following the tuberculin reaction; of these, two cases P| 
had a history of tubercle bacilli in the sputum before the test, and the I 
remaining 10 cases had no such history. 


MODERATELY COARSE RALES 


Of the 419 cases reported in this series, the lungs of four hundred and 
sixteen were submitted to physical examination at the height of the 
tuberculin reaction, in addition to the routine admission and discharge 
chest examination. Definite constant moderately coarse rales alone have : 
been tabulated and were heard in 23 per cent of the 416 cases reported. 

Of the 416 cases examined, fifty-eight showed an increase in the number 

of moderately coarse rales, or an increase in the area over which they 
were heard which could be attributed to the reaction; among these the 
rales were heard during the reaction only in 25 cases, 15 other cases 
developed rales during the reaction which persisted until discharge, 12 
cases developed rdles after the reaction and 6 cases had rales at admission 
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which were found over a greater area at the examination during the 
reaction. In twenty-six of the 416 cases examined, the rales were found 
to be neither permanently increased nor decreased as a result of the reac- 
tion; nineteen of the 26 cases had rales which were constant throughout 
residence; seven had a total disappearance of the rales at the height of 
the reaction; but the moderately coarse rales returned to the same distri- 
bution at the discharge examination as noted at the time of admission. 
In contrast to the cases which showed either a maintenance throughout 
residence of the rales heard on admission, or an actual increase which could 
be attributed to the tuberculin reaction, 14 cases showed a definite 
decrease in the rales heard. In eleven of the 14 cases, rales were heard 
only on admission; and in 3 cases rales which were present on admission 
and constantly during the reaction disappeared following the subsidence 
of the reaction. 


POST-DISCHARGE HISTORY 


The statistical department of the Trudeau Sanatorium receives annual 
health reports from a very high percentage of discharged patients. 
These reports are subject to the errors of the human mind, and a former 
patient’s statement that he is well or that he has relapsed of tuberculosis is 


not entirely trustworthy. Those who have worked with this type of 
statistical data will appreciate that it is sometimes difficult to know 
whether or not a patient has really relapsed with tuberculosis when he 
says he has, and the reverse. 

This data has been carefully examined, and no patient was considered 
to have relapsed of tuberculosis unless there was other evidence than his 
simple statement. In general, contributory evidence consisted of a 
haemorrhage, occurring for the first time after discharge; a prolonged 
fever; a positive sputum; roentgenographic findings; or the statement of 
the attending physician. 

Of the 419 patients who could be followed for more than two years, 
two hundred and fifty-seven had reacted symptomatically only; two hun- 
dred and twenty-nine are alive and well; twenty-six developed tubercu- 
losis; three of whom have died of pulmonary tuberculosis, one of whom 
has died of abdominal tuberculosis, and two are dead of causes other than 
tuberculosis. Seventy-two patients had a focal reaction; fifty-nine are 
alive and well, ten have developed tuberculosis, one of whom died of it, 
and three have died of causes other than tuberculosis. Ninety patients 
had no reaction to tuberculin; eighty-three are alive and well, six have 
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developed tuberculosis, none of whom are dead, but one has died of a 
nontuberculous cause. 


COMPLEMENT-FIXATION TEST 


The blood sera of all the 419 patients were submitted to the comple- 
ment-fixation test for tuberculosis. There was no correlation between 
this test and the reaction dose, or between the test and the type of 
reaction. 


INTRACUTANEOUS AND SUBCUTANEOUS REACTION DOSE 


Two hundred and fifty-seven patients who were given tuberculin sub- 
cutaneously had also been previously given tuberculin intracutaneously. 
In the same patient there was usually some correlation between the sub- Y 
cutaneous and the intracutaneous reaction dose; that is, a patient reacting 
to a large dose of tuberculin administered subcutaneously usually 
required a large dose administered intracutaneously to provoke a reaction. 


DANGERS OF THE TEST 


There has been much discussion as to the possible dangers of this test, 
and because a patient was worse after the test it was often believed that 
he was worse because of it. Since the use of the roentgenograph in pul- 
monary diagnosis and the modern refinements of technique in pulmonary | 
radiography, a decision is more easily reached in this question than 
formerly. Even in the early days, however, progression of the lesion 4 
was recognized as a contraindication to the subcutaneous administration 
of tuberculin. 
Bad results, when they occur, would be expected to occur in the cases 
which showed a focal reaction. Since the focal reactions, as shown by 
roentgenographs, are visualized so clearly, and are somewhat more defi- 
nite than those shown by physical signs, it has been of considerable 
interest to follow the cases which had such a focal reaction. ‘ 
Commonly focal reactions which are demonstrable by roentgenographs 
begin to disappear a day or two after they occur, and this clearing pro- 
gresses for several weeks, usually to a restitution to the same shadows as 
were present before the reaction, but sometimes to an actual reduction of 
the extent or intensity of those shadows. However, some cases do not 
begin to clear, nor completely clear until later, while a few cases actually 
show an increase for a time before clearing sets in. A number did not 
clear at all during their stay in the sanatorium. 
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In comparing the roentgenographs taken on admission and those taken 
on discharge, there was an increase of the shadows in 9 cases. Two of 
these, however, were cases in which the films taken at the height of the 
reaction, and showing a focal reaction, were used as discharge films. One 
of the remaining cases had had no focal reaction showing on the films 
taken at the height of the reaction, but a later increase in the shadows. 
One other was later diagnosed elsewhere as lung abscess. There were, 
therefore, 5 patients who from the roentgenographic point of view did not 
completely recover from the test, and may be said to have suffered ill 
effects from it, although a simple progression of the disease according to 
its natural history cannot be excluded. When one also considers the 
number of cases which develop a positive sputum immediately after the 
test, even though it soon becomes negative again, it seems evident that 
the test should be done only in carefully selected cases, and by those who 
are experienced in this phase of tuberculosis work. 

It must not be overlooked, when considering the dangers of the test, 
that many patients seem to benefit following the stimulus of the tuber- 
culin, and that this group is far larger than that in which there is any 
question of the test having been harmful. There were 34 cases whose 
roentgenographs on discharge showed a diminution of the shadows as 
compared with the admission roentgenographs; to ascribe all this benefit 
to tuberculin, however, would be to deny the value of rest and the sana- 
torium regimen. 


SUMMARY 


In the development of the use of Old Tuberculin subcutaneously for 
diagnosis, the idea has gradually formed that those patients who do not 
react are probably nontuberculous or have nonprogressive tuberculous 
lesions well walled off from the circulation of the body fluids (conse- 
quently not needing treatment), that those patients who react focally 
have a progressive tuberculous lesion requiring treatment, while it is not 
possible to make a very definite statement as to the tuberculosis of those 
patients who react only symptomatically, since persons who are merely 
infected react in this manner in a majority of instances. 

From this study it would appear that this is true only in a general way. 
Of those who had neither a symptomatic nor a focal reaction, 5.55 per cent 
developed pulmonary tuberculosis following their discharge from the 
sanatorium; and another one developed lymph-node tuberculosis, making 
a total of 6.66 per cent. There were also 5 patients who failed to react 
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who had a positive sputum, during residence at the sanatorium, three of 
these on two occasions. Another patient gave a history of having had a 
positive sputum before admission; this patient also failed to react. Of 
those showing a focal reaction to the test, 13.8 per cent relapsed following 
discharge. Of those who reacted only symptomatically 9.7 per cent 
later developed tuberculosis. While these figures are in accordance with 
the generally accepted beliefs as to the significance of these three types of 
reaction, the difference is so slight that it is doubtful whether sufficient 
additional information is acquired by the test to submit a patient to the 
discomfort and possible danger of it. This is especially true in recent 
years when refinements of radiographic technique have been of consider- 
able additional diagnostic value. 


CONCLUSION 


1. The fact that a patient has no symptomatic reaction and no focal 
reaction (as determined by physical signs and roentgenographs) to 0.01 
cc. of Old Tuberculin administered subcutaneously does not exclude the 
diagnosis of tuberculosis. 

2. Conversely, it may occasionally happen that the natural evolution 


of a neoplastic or a nontuberculous inflammatory process in the lung may 
simulate a focal reaction. 

3. The administration of Old Tuberculin subcutaneously as a diagnostic 
method in suspected pulmonary tuberculosis is a procedure of limited 
value, for the intracutaneous test gives somewhat parallel information 
and is less inconvenient to the patient. 
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THE RELIABILITY OF GUINEA-PIG INOCULATION IN 
THE DIAGNOSIS OF TUBERCULOSIS 


WILLIAM H. FELDMAN! anp THOMAS B. MAGATH? 


Although Klencke, in 1843, was the first to demonstrate by animal 
inoculation that tuberculous material was specifically infectious, Marcet, 
in 1867, was the first to use guinea pigs for the purpose of demonstrating 
the tuberculous nature of material from suspected cases of tuberculosis 
in man. Since Marcet’s report was many years before Koch’s paper ap- 
peared announcing the discovery of the aetiological cause of tuberculosis, 
Marcet’s investigations are of paramount significance. Besides inject- 
ing sputum, Marcet injected blood and pus from clinical cases of tu- 
berculosis into guinea pigs; this also produced specific lesions in these ani- 
mals. He stated: “The spleen appears to be the first and the lungs one 
of the last organs, in guinea pigs, to be attacked with tuberculous dis- 
ease.”” Accompanying Marcet’s paper are several excellent illustrations 
depicting the typical lesions observed in guinea pigs following injections 
of tuberculous material. 

Since Marcet’s observations, an enormous amount of experimental 
work has been done in which animals, particularly guinea pigs, have 
been used as test objects for the demonstration of tuberculous infections. 
It is now generally agreed that guinea pigs are extremely susceptible to 
Mycobacterium tuberculosis of human origin and that a relatively small 
number of microdrganisms is sufficient to induce demonstrable lesions 
and eventually the death of the animal. The sensitiveness of the guinea 
pig to tuberculous infections of human origin and the universal avail-_ 
ability of this animal have resulted in the rather widespread adoption of 
inoculation of animals as a means of demonstrating the true nature of 
obscure cases. 

Since guinea pigs are used extensively at The Mayo Clinic for diagnos- 
ing tuberculosis, it seemed advisable to make a study of the reliability 
of the method on the basis of the presence or absence of histopathologica] 


1 Division of Experimental Surgery and Pathology, The Mayo Foundation. 
2 Section on Clinical Pathology, The Mayo Clinic, Rochester, Minnesota. 
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vidence of tuberculosis as compared with the demonstration of gross 
sions in the tissues of the inoculated animals. 
Although it was obvious that the material from the majority of cases 
hich were eventually proved to be positive induced a typically charac- 
ristic picture of tuberculosis in guinea pigs, readily discernible with 
ie naked eye, some doubt existed as to the presence of the disease in 
iose animals without typical gross lesions. In a previous study (4) 
i was found that guinea pigs that died as a consequence of intracerebral 
tuberculous infection usually had histological lesions of the disease in 
the spleen even though this organ failed to present significant gross al- 
terations. In view of this observation it seemed important to know if 
cuinea pigs whose tissue was considered normal at necropsy actually 
possessed tuberculous infection of such a nature as to be detected only 
on microscopic examination. 


SOURCE OF MATERIAL 


Clinical material, consisting of catheterized urine, fluid from the thorax, 
and bone and joint tissues, which were suspected of being tuberculous, 
was carefully examined in an attempt to demonstrate the presence of 
Mycobacterium tuberculosis microscopically. In those specimens in 
which the organism could not be found the material was prepared for 
inoculation into guinea pigs. The procedure was as follows: To the 
centrifugate from which the smears were made for microscopic study was 
added 1 cc. of fluid, which had previously been removed from the upper 
portion of the supernatant fluid. The mixture was then diluted with 
about 4 cc. of physiological solution of sodium chloride. Half of the 
resultant mixture was injected into two guinea pigs, one subcutaneously 
and the other intraperitoneally. 

The material used for histological examination consisted of the spleens 
and livers of guinea pigs inoculated over a period of approximately four 

1onths which were considered nontuberculous by gross examination at 
ecropsy. Material from 158 consecutive cases was used: this comprised 
atheterized urine from the ureters and bladder, 125 specimens; tissue 
irom bones and joints, 11 specimens; fluid from the thorax, 12 specimens; 
id miscellaneous tissue and fluids, 10 specimens. 

\fter inoculation 2 guinea pigs were placed in each cage, and those 
i\ing at the expiration of eight weeks were killed for the purpose of 
ecropsy. Animals that died two weeks after inoculation were examined, 
| hough those which died prior to three weeks after inoculation and 


bit 

Al 

{ 

} 
| 
4 


314 WILLIAM H. FELDMAN AND THOMAS B. MAGATH 


which did not show lesions were recorded as failures, since it is unusual for 
lesions to be demonstrable within so short a period. Twenty-one of the 
cases eventually were considered tuberculous, the diagnosis being ob- 
tained from lesions resulting in thirty-four of the injected guinea pigs. 
The livers and spleens of 201 guinea pigs which died or were killed subse- 
quent to inoculation and which were considered nontuberculous at the 
time of necropsy were utilized for this study. One hundred and ninety- 
two animals were killed for necropsy after having lived eight weeks afte: 
inoculation, and nine of the animals died at intervals of from three t 


seven weeks. 


METHODS 


The entire spleen and a liberal portion of the liver were fixed in 1' 
per cent solution of formaldehyde as soon after death as possible. Por 
tions of the material were embedded in paraffine, and sections were cut 
stained with haematoxylin and eosin, and examined microscopically. 
More sections stained with carbol-fuchsin by a method previously de- 
scribed were prepared in cases in which the lesions simulated tuberculo- 
sis. These were studied in an attempt to demonstrate acid-fast bacilli 
within the respective lesions. Other studies of tissue from guinea pigs 
which were definitely tuberculous had shown that acid-fast bacilli could 
be demonstrated in every instance in sections prepared from the lesions. 
Consequently we considered the presence of acid-fast bacilli as the essen- 
tial criterion before a given lesion could be designated as tuberculous. 


RESULTS 


Since gross lesions in guinea pigs suffering from tuberculosis have been 
described frequently, particular consideration will not be given them 
here. Of the 402 specimens of tissue examined histologically, tubercu- 
lous-like alterations which proved to be nontuberculous were discernible 
in 19 specimens resulting from material from 14 clinical cases (table 1). 
In 12 cases the lesions were limited to the spleen and in three only the 
liver was involved. In 2 cases the liver and spleen each contained lesions. 

Although the lesions varied somewhat in structure, it was possible ‘o 
separate them into two general varieties: (1) proliferative, diffuse, wit!- 
out evidence of encapsulation, and (2) definitely focal and separated 
from the adjacent tissue by a fibrous capsule of variable thickne-s. 
Giant cells, not unlike those of the Langhans type, were present in mary 
of the lesions, particularly those which were diffuse. The cells cons'i- 
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iting the diffuse lesions were morphologically monocytic, although of 
icertain histogenesis. In many instances, however, they resembled 
lls constituting the reactions observed in true tubercle-formation. 
he spurious character of the reaction could only be determined by the 
2 plication of the carbol-fuchsin stain. Most lesions of the focal type 
curred in the spleen, and were essentially like those described previ- 
sly as occurring spontaneously in so called multiple focal splenitis of 
inea pigs (figure 1). The majority of the lesions seemed to originate 


TABLE 1 
wracter of human material from which lesions microscopically sinuilating tuberculosis developed 
in guinea pigs 
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DIAGNOSIS SOURCE OF MATERIAL INOCULATED KILLED 
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Arthritis Left knee 
Probable renal stones Urine. bladder 
Pulmonary tuberculosis Urine, bladder 
Cystitis Urine, left ureter 
Pyelonephritis Urine, right ureter 
Osteomyelitis Abscess, right hip 
Right renal infection due to ob- Urine, bladder 
struction of ureter 
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Polyserositis | Pleural fluid 
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{Urine, left ureter 
\ Urine, left ureter 
Healed right renal tuberculous Urine, bladder 
lesions 
Urethritis; kidney normal Urine, left ureter 
Urine, bladder 
\ Urine, bladder 
Left renal tuberculosis; right Urine, right ureter 
kidney clinically normal 
Nontuberculous renal infection | Urine, left ureter 
Old right renal tuberculosis; left Urine, left ureter 
kidney normal 


Pyelonephritis 


in the malpighian bodies, and were characterized by early necrosis and 
ventually by caseation (figure 2). A dense, fibrous connective-tissue 
sule, with a tendency to fuse so as to appear hyaline, was usually 
sent. Of the two types of lesions, those that were diffuse bore a closer 
emblance to the lesions of tuberculosis than those which were more 
r less circumscribed. Although a specific stain for the demonstration 
i acid-fast bacilli is necessary to determine the nontuberculous charac- 
of many of the former, we feel that the histological pathological 
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Fic. 1. Spleens of guinea pigs showing typical lesions of spontaneous nontuberculous 
splenitis. 


The multiple miliary character of the lesions is apparent. 


Fic. 2. Spontaneous nontuberculous splenitis. 


The lesions which occupy splenic nod ‘es 
are definitely circumscribed and exhibit different degrees of the necrobiotic process (x 150 
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hanges presented by the latter are so characteristic as to render 
he necessity of a special stain superfluous. In this study, how- 
ver, all of the tissues which presented even slightly the pathological his- 
ology of tuberculosis were stained to reveal the possible presence of 
rganisms resembling Mycobacterium tuberculosis. In every instance 
everal sections were prepared, and a most searching examination was 
nade to demonstrate the presence of acid-fast bacteria, with negative 
esults in every case. 

An additional histological study was made of 26 spleens selected at 
‘andom from more than two hundred which had been considered tubercu- 
ous by gross examination at necropsy. They were preserved in 10 per cent 
solution of formaldehyde and were available for confirmatory evidence 
srovided subsequent clinical data might raise a question as to the accu- 
acy of the diagnosis. This material was handled in exactly the same way 
is that in the initial part of this study except that all material was 
stained as a routine with carbol-fuchsin without previously having stained 
sections with haematoxylin and eosin. Characteristic lesions of tuber- 
culosis were present and typical acid-fast bacilli were demonstrable in 
all of these. In most of the sections the microérganisms were fairly 
numerous and were easily found. In only a few instances was more than 
a casual search necessary in order to find them. 

Interesting results were obtained from the inoculation of urine from 
the right kidney of a patient, in whose case a laboratory diagnosis of 
tuberculosis had been made from gross examination of the spleens of a 
pair of guinea pigs, which microscopic examination had shown to be 
affected by infectious splenitis only. This patient had been under ob- 
servation since June 6, 1927, on which date a pair of guinea pigs were 
inoculated with urine from the right and left ureters. Both guinea pigs 
which were inoculated with urine from the left side reacted negatively, 
whereas one inoculated with urine from the right side reacted positively 
and the other negatively after having lived thirty-five days. On October 
’4, 1927, a pair of guinea pigs were inoculated with urine from the right 
ireter and a pair with urine from the left ureter. Those inoculated with 
urine from the right side reacted positively, whereas those inoculated with 
irine from the left side reacted negatively. On June 25, 1928, a pair of 
suinea pigs were inoculated with urine from the right side, and a pair 
vith urine from the left side, and a pair with urine from the bladder. 
[he tests in which urine was injected from the right side were failures, 
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one from the left was a failure and the other negative, and both tests i 
which the urine from the bladder was injected were failures. A pair o 
guinea pigs were tnoculated with urine from the left side, July 1, 192: 
resulting in one failure and in one negative reaction. Results of tests o 
a pair injected with urine from the bladder were both negative. Th 
tissue in one of these animals was considered to be suspicious of tubercu 
losis histologically, but proved to be normal on further examination 
The clinical diagnosis in this case was a small circumscribed tuberculou 


4 ~ 
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Fic. 3. The Langhans type of giant cell in the spleen of a guinea pig inoculated eight weeks 
prior to death with tuberculous material of human origin. Many acid-fast bateria are pres- 
ent (x 1350). 


lesion of the right kidney. Under observation this became calcified 
and on May 29, 1930 it was diagnosed as healed. 

Giant cells of the Langhans type were present in three of the 26 spleens 
and in only two of these did there seem to be a significant relation between 
the giant cells and the elements ordinarily concerned in the tuberculous 
reaction. In these two instances the giant cells were situated in the 
midst of the cellular reactions and in many of them acid-fast bacil'i 
could be demonstrated (figure 3). In the other spleen the giant ce! 
were distributed rather promiscuously throughout, and many were pre=- 
ent in areas in the splenic pulp where adequate histological evidence of 
tuberculous reaction was missing. 
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COMMENT 


In any method designed to reveal obscure tuberculous infection the 
factor of paramount significance is reliability. If the laboratorian and 
the clinician are to have confidence in the final diagnosis as obtained from 
a given procedure, not only must there be definite evidence to support 
diagnoses designated as positive but there should be reasonable certainty 
that no case is adjudged nontuberculous when in reality the infective 
material contains the aetiological organism of tuberculosis. From ob- 
servations made at The Mayo Clinic during a period of more than twenty 
years the reliability of the results obtained from-inoculation of guinea 
pigs for the diagnosis of obscure tuberculous lesions has been entirely 
satisfactory so far as the accuracy of the diagnosis of those cases con- 
sidered as positive is concerned. One of us (Magath) has injected about _ 
2000 guinea pigs a year in the last eleven years for clinical diagnosis. 
The tests have resulted positively in about 15 per cent. In not a single 
instance has a false positive test been known to have been reported when 
checked by clinical, surgical or pathological observation or necropsy. 
It has been, of course, impossible to check the negative side of the ob- 
servations, but correlation with the clinical data has been extremely 
satisfactory. However, it is not enough that error should be absent in 
the designation of material as tuberculous by animal inoculation, with 
its eventual confirmation by surgical and histological procedures; the 
negative phase of the question is not without importance. 
From these studies it is apparent that, if guinea pigs are inoculated 
subcutaneously or intraperitoneally with clinical material containing 
small numbers of Mycobacterium tuberculosis, definite evidence of a 
tuberculous nature will be discernible with the naked eye if animals are 
tuberculous and living at the expiration of eight weeks after inoculation, 
and in almost all of those that die even after three weeks. The lesions, 
which exhibit a characteristic predilection for the spleen, although the 
liver may be extensively involved, are usually of such a nature as to make : 
histological examination of the tissues unnecessary (figures 4 and 5). 
Occasionally it may be desirable to prepare a direct smear from the 
splenic lesions. In such cases the true character of the condition will 
be readily determined by the presence or absence of variable numbers of 
acid-fast bacilli. 
If guinea pigs die before the expiration of eight weeks as a conse- 
quence of a tuberculous infection, such unmistakable lesions of the disease 
are usually revealed as to make its gross recognition possible by experi- 
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enced clinical pathologists. It is only occasionally that histological sec 
tion of the spleen in addition to a direct smear is required in order t 
determine the exact nature of the conditions. 

A possible source of error is a spontaneous disease of guinea pigs know: 
as purulent splenitis (figures 1 and 2). In this condition lesions are fre- 
quently encountered which to the uninitiated might be confusing anc 
which might be considered tuberculous. Certain observers may 


Fic. 4. Tuberculous spleens of guinea pigs showing the variable character of lesions in- 
duced following the injection of infective material of human origin. The lesions shown aré 
fairly characteristic of the changes which are considered significant in the diagnosis of tu- 
berculosis at the time of necropsy. 


even consider them grossly as of spontaneous tuberculosis, a condition 
which we have never recognized in the thousands of guinea pigs examined. 
The lesions of so called purulent splenitis are usually so striking that it i 
a simple matter to obtain a direct smear from one of the purulent fo 

for the purpose of making a carbol-fuchsin stain. Furthermore, th 

lesions of nontuberculous splenitis are usually confined to the spleei 

whereas in tuberculosis the liver is not infrequently involved, and as : 
rule the peritoneal lymph nodes and even the pancreas are involved. 
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These studies indicate that guinea pigs which have been inoculated 
with clinical material for the purpose of determining the presence or 
ibsence of Mycobacterium tuberculosis, and which are without gross le- 
ions of tuberculosis when examined at necropsy eight weeks after inocu- 
ation, in all probability do not possess microscopic lesions of tuberculosis. 
n other words, if the material contains virulent organisms of tuberculo- 
is, injecting them into a guinea pig will initiate within eight weeks 


Fic. 5. Liver of a guinea pig which was killed eight weeks after injection with tuberculous 
material of human origin. Numerous miliary lesions of tuberculosis were present. 


definite lesions of tuberculosis of such proportions as to render them 

isible to the unaided eye in almost all cases, and inoculated animals 
which have lived eight weeks and which fail to exhibit gross lesions of 
tuberculosis at necropsy are not likely to be tuberculous. 

The histological criteria characteristic of tuberculosis of the spleens of 
cuinea pigs following the inoculation of infective clinical material are 
subject to some variation. Our observations lead us to believe that the 
cisease first becomes manifest from the standpoint of anatomical al- 
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terations in the malphigian bodies; in most instances the involvement 
multiple. The lesions, which consist largely of monocytic cells, expan 
peripherally and commonly become confluent with others which may | 
adjacent (figure 6). Caseation necrosis is usually apparent in some « 
the lesions and has its inception in the central or older portions of th 
cellular reactions. | Fibrosis or encapsulation is not common. 

The Langhans type of giant cell does not seem to be an essential « 
a consistent part of the cellular reaction in the disease, as it is observe.| 


Fic. 6. Tuberculous lesions in the spleen of a guinea pig killed fifty-three days after inocu- 
lation with material of human origin. The compact, diffuse arrangement of the monocytic 
cells is characteristic of the histological reaction. Acid-fast bacteria were readily demon- 
strated among the cells of the lesions in sections appropriately stained (x 170). 


in the spleen of guinea pigs dying before, or killed after eight weeks sub- 
sequent to inoculation with clinical tuberculous material. This type of 
cell was not observed in the majority of the splenic lesions studied, al- 
though we have occasionally observed the cells in tissues of guinea pigs 
which had not been exposed to experimental tuberculous infections. It 
is our opinion that giant cells may occur in the tissues of guinea pigs as a 
consequence of conditions other than tuberculosis and that one should 
be extremely cautious in*accepting their presence as conclusive evideiice 
of tuberculous infection. In fact, a histological diagnosis of tuberculosis 
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nade on the presence of giant cells in the spleen of the guinea pig without 
considering other factors is almost sure to be fallacious. In questionable 
cases resort should be made to sections which have been appropriately 
stained with carbol-fuchsin, since, in practically all cases, if the histo- 
ogical picture is of tuberculosis the causative organisms can be demon- 
strated in the lesions, and failure to find them constitutes some doubt as 

o the validity of any claim that the lesions are tuberculous. 

It is not our intention, however, to imply that every instance of tu- 
verculosis of guinea pigs following inoculation can be positively desig- 
rated as such by histological methods. Occasionally the final proof 
vould depend on subsequent inoculations of other guinea pigs, but un- 
ortunately this cannot always be done because of the impracticability 
yf preserving unfixed portions of suspicious. lesions at necropsy until 
ifter histological sections have been prepared. It is our opinion that, 
if the following factors are kept in mind in the histological examination 
of tissues from guinea pigs without definite gross lesions of tuberculosis, 
possible diagnostic errors may be minimized: (1) the spleen is the organ 
of preferred predilection in tuberculosis induced intraperitoneally or 
subcutaneously in guinea pigs; (2) the cellular reaction to the Mycobac- 
terium tuberculosis is essentially monocytic; (3) the lesions in the spleen 
which are usually progressive and multiple originate in the malphigian 
bodies; (4) giant cells are not an essential part of the lesions and are 
usually absent; (5) by appropriate methods of staining, acid-fast bacilli 
can be demonstrated among the cells or in the cellular detritus in prac- 
tically every case in which the lesions are those of tuberculosis; and (6) 
the failure to observe acid-fast organisms in lesions that are not typically 
those of tuberculosis is presumptive evidence that the condition is non- 
‘tuberculous. 

All in all, the subcutaneous and intraperitoneal inoculation of guinea 
pigs as a routine for the diagnosis of tuberculous infection from clinical 
inaterial has much to commend it. The injections do not require special 

skill and only a minimum of time. If the inoculum is divided between 
wo animals, one portion being inoculated intraperitoneally and the other 
ubcutaneously, it is very unusual for both animals to die of intercurrent 
causes prior to the time necessary to obtain a negative or positive opin- 
‘on on the tuberculous nature of the inoculation. This is of considerable 
ignificance when for physical reasons it is difficult, if not impossible, to 
( Dtain additional material. This procedure will yield the most satisfac- 
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tory results; to risk all the material in one animal is too hazardous anc 
to inject more than two offers too great a chance that the animals wil 
not receive a dose large enough to ensure the development of tuberculo 
sis. The interpretation of results is not dependent in the majority o 
cases on complicated, time-consuming technical procedures. In prac 
tically all cases a definite conclusion can be reached from the gross ap 
pearance of the inoculated guinea pig at necropsy. 

We feel that the inoculation of guinea pigs warrants every confidenc 
in its reliability as a means of designating the tuberculous nature o 
clinical material of an obscure nature. So far as we could determine 
from a study of 402 specimens of tissue, material from human being: 
containing virulent organisms of tuberculosis induces in guinea pigs 
lesions of the disease in such proportions as to make histological sections 
for its detection unnecessary. The most serious objection to the method 
of course, is the time before a diagnosis can be secured. We have ar- 
bitrarily set eight weeks as the time which should elapse subsequent 
to the injection before the animals are killed, and although one might be 
justified in shortening this period in some instances, this has proved the 
most satisfactory procedure in the majority of cases. 


SUMMARY AND CONCLUSIONS 


For the purpose of determining facts pertaining to the reliability of 
the guinea pig as a test animal in the diagnosis of tuberculous infections 
of obscure nature, use was made of clinical material from 158 consecu- 
tive clinical cases. One guinea pig was inoculated intraperitoneally and 
one was inoculated subcutaneously, with a portion of each specimen. 
A diagnosis of tuberculosis was obtained in 21 cases. 

The livers and spleens of 201 guinea pigs which were considered non- 
tuberculous at necropsy were prepared for histological study, and lesions 
bearing some resemblance to those of tuberculosis were present in seven- 
teen, although none had been thought to be tuberculous on gross examina- 
tion. None of the tuberculous-like lesions was subsequently proved to 
be tuberculous when sections were appropriately stained and examined 
for the bacillus of tuberculosis. Apparently there are other infections, 
many of them of spontaneous origin, which occasionally induce in guin«: 
pigs organic lesions which more or less resemble tuberculosis. The fa''- 
ure to demonstrate acid-fast bacilli in suggestive tuberculous lesions »/ 
guinea pigs is presumptive evidence that the lesions are not those of 1 '- 
berculosis. 
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Inoculating guinea pigs subcutaneously and intraperitoneally with clin- 
cal material and performing necropsy on those that are living at the 
‘xpiration of eight weeks is a thoroughly dependable procedure for the 
letermination of tuberculous infections in material in which the organ- 
sm cannot be demonstrated microscopically. Animals living eight 
veeks after inoculations and failing to reveal gross lesions of tuberculosis 
n all probability do not have a tuberculous infection, and the histological 
‘xamination of such tissues as a routine is not necessary. 

In the histological diagnosis of tuberculosis from the tissues of guinea 
pigs that die after inoculation of material containing the human form of 
the infection, too much reliance should not be placed on the cellular 
aspects of the lesions. The presence or absence of acid-fast bacilli within 
the lesions constitutes the most dependable criterion for reaching a 
decision. 
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THE INFLUENCE OF THE WORLD WAR ON TUBERCU- 
LOSIS MORTALITY IN CIVILIAN POPULATIONS 


WALTER W. LEE?! 


The official records of tuberculosis mortality in the United States of 
America and in Germany at the present time present an unprecedented 
opportunity for the study of the influence of war and war conditions, as 
they occurred in the period 1914-1918 and since, on the tuberculosis 
mortality in the civilian population in these two nations. Each nation 
represents two distinct types of war conditions. Germany represents 
some 60 million people in a life and death military struggle from 1914 to 
1918. Hemmed in on the east and west by opposing armies and on the 
sea by enemy navies, their ports were closed and food from foreign mar- 
kets was shut off. The United States of America, a nation of some 
120,000,000 people, was not officially in the war until 1917, but its people 
were working night and day making munitions of war for the belligerent 
nations for two years, 1915 and 1916, then officially were in the war from 
1917 to 1918. While Germany was working under the handicap of a 
rigid and effective food embargo with resulting shortage of food, the 
- wage-earner in America was working day and night for wages which 
surpassed his idlest dreams, his dinner-pail was full, and the country was 
prosperous. 

The data used in this study have been plotted on semilogarithmic 
graphs. In fitting trend lines to mortality rates, the exponential curve 
will usually give a better fit than the simple straight line, because most 
biological data, including mortality rates from tuberculosis and othe! 
diseases, tend to decrease or increase by geometric progression similar to 
the curve of compound interest. Tuberculosis mortality has been de- 
clining in America since about 1880 at the constant rate of about 3 pe! 
cent per annum. Because of this fact, all the data used in this article 
have been converted into logarithms of the rates and plotted on plau 
cross-section paper. On such a graph a constant rise or decline at a 
constant rate of geometric progression will present a straight line with : 
slope depending on the rate of change. Also changes of equal proportio! 
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-re given equal weight regardless of the magnitude of the data. Semilo- 
arithmic or ratio graphs are therefore used here, as we shall be interested 
.ore in the rates of variation in the data rather than in their actual 
vagnitude. 

Figure 1 represents graphically the tuberculosis mortality rates in 
ermany and the United States of America. The two straight lines 
rawn into the graph represent the trend lines for their respective data 


TUBERCULOSIS MORTALITY RATES FOR GERMANY 
AND U.S.REG.AREA. ALL FORMS, ALL AGES, BOTH SEXES 
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itted by the method of least squares to the rates from 1900 to 1914 and 
rojected in a straight line to 1930. The projected lines from 1915 
herefore represent the average expected tuberculosis mortality rates in 
he respective countries, had the conditions during the period 1915 to 
930 remained unchanged from those of the period 1900-1914. Calcu- 
ated on such a basis the rate of decline in Germany was at the rate of 
.3 per cent per year and in the United States of America at a rate of 2.8 
er cent. German tuberculosis mortality was apparently declining at a 
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rate of one-half of one per cent greater than that of the United States of 
America. 

The mortality rates started to rise in Germany in 1915, rising rapidly 
to a peak in 1918. Such a rise is what would be expected to occur under 
war conditions as they prevailed in Germany at that period. With 
men and women of the civilian population working at top speed in Ger 
man munition factories, urged on by the stimulus of war, with the pros 
pect of ultimate victory growing daily more doubtful and the rations 
growing daily less adequate, it is not surprising that the tuberculosis mor 
tality rate rose from 142 in 1914 to 230 in 1918. Following the Armi 
stice in 1918 the rate fell more rapidly than it rose the preceding fou: 
years, until 1921, when it reached a rate of 137, or slightly less than that 
of 1914. 

With the signing of the Armistice the food embargo was removed and 
food was admitted freely into the countries of the central powers. Men, 
women and children who formerly were working under the driving forces 
of necessity, both financial and industrial, on inadequate rations, were 
released from munition factories, and food rapidly became available for 
all. The disbanded soldiers from the war zones returned home to re- 
sume their normal peace-time industries. The tension of war was sud- 
denly relieved on the cessation of hostilities. Germany immediately 
went to work to set its house in order with varying degrees of success in 
the succeeding years of reconstruction. On May 10, 1921, Germany 
declared her intention to pay the reparations demanded by the victori- 
ous allies in the Treaty of Versailles. By 1921 we are told one pound 
sterling would buy more food in Germany than it would in England. 

In 1922 and 1923 we see that tuberculosis mortality in Germany rose 
suddenly and significantly from a rate of 137 in 1921 to 150 in 1923, an 
increase of about 10 per cent, from which it fell rapidly to a rate of 88 
in 1928, which is slightly below the trend line as drawn. This rise in 
1922-1923 occurs in significant degree in each age-group over one year of 
age. It was also about 1921 when the German currency began its 
rapid stage of inflation. For about two years Germans watched 
their currency depreciating in value until it took five to ten million marks 
to buy a postage stamp. The period 1922-1923 was one of financial 
depression in Germany, probably comparable to that during the last year 
of the war. Note that the difference in the tuberculosis mortality rates 
in Germany and America was relatively greater in 1923 than in 1918. 
In 1923 the German tuberculosis mortality rate exceeded the U. S. A. 
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rate by 62 per cent, while in 1918 the difference was 55 per cent. By 
1923 the German mark had been put on a gold basis, and immediately 
Germany began to recover financial stability, her foreign credit rose 
rapidly and, coincidently with her financial recovery, her tuberculosis 
mortality fell by 1927 to a level corresponding to the prewartrend. The 
rise and fall in tuberculosis mortality in Germany during the period 
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1914-1921 represent the combined effect of war conditions with high- 
speed industrial activity, financial depression and inadequate food sup- 
plies for the civilian population. On the other hand, the rise in rates 
duting 1922-1923 apparently represents the effect of a purely financial 
depression with its inevitable food shortage, but lacking the industrial 
activity of the war period, on tuberculosis mortality. 

What part did the influenza epidemic of 1918 play in the tuberculosis 
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mortality in Germany? German data are not available to the writer 
which would show the degree or extent of influenza mortality there. We 
can see, however, that the greatest increase in tuberculosis mortality 
occurred before 1918. The rate of 1917 represented an increase of 27 per 
cent over the rate of 1916, and the rate of 1918 was 12 per cent over that 
of 1917. In spite of the presence of the influenza epidemic of 1918, the 
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increase of the tuberculosis mortality in Germany in 1918 was but half 
that of the increase in the rate of the preceding year. A study of tubercu- 
losis mortality in Massachusetts by the writer (1) showed that, in Massa- 
chusetts at least, influenza exerted but slight influence on tuberculosis 
mortality, as recorded in vital statistics. To what extent the presence 
of tuberculosis in a patient affected his chances of dying of influenza in 
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1918, or what part the high mortality from influenza in the epidemic of 
1918, in killing off persons who otherwise may have died later of tubercu- 
losis, had in the postwar decline in tuberculosis mortality, the reader will 
have to judge for himself. 
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Figures 2 to 8 illustrate the curves of tuberculosis mortality as recorded 
in Germany and Massachusetts, plotted by sex and age groups for com- 
parison. Note that in Germany infants under one year of age do not 
show any significant increase in tuberculosis mortality during the war 
period or the postwar period. The tuberculosis mortality rates for fe- 
male children reached a peak in 1922, while those for male children 
reached a peak in 1923. Both these peaks are probably insignificant. 
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The population in the 0-1 age-group is relatively small and the data 
therefore fluctuate widely. Probably the fact that most infants are 
breast-fed accounts for their being less affected than the other age-groups 
by war conditions. Note the greater fluctuation in the rates in Massa- 
chusetts than that of the German data. This is due to the fact that the 
population in Massachusetts is about 4,000,000 and that of Germany 


around 60,000,000. 
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The greatest relative increases in tuberculosis mortality in Germany 
occurred in the war period in the 1-4 age-group. In this age-group there 
is a large increase in the rates in the year 1918. Perhaps the influenza 
epidemic affected this age-group more than other age-groups. The . 
writer is more inclined to think, however, that the high fatality in this 
age-group during the war period may be more closely related to vitamine 
deficiency in the inadequate diet in which food substitutes replaced to a 
considerable extent the ordinary sources of vitamine-bearing foods such 
as animal fats, etc. A study of this age-group suggests a fertile field 


for research. 
The tuberculosis mortality rates in the various age-groups over one 
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year of age appear to be affected in descending proportion as the ages 


increase. The rates in infants and adults over 70 years of age were least “ 
affected by the war and financial crisis. 


It is of interest to note that in” 


the age group 30-59 the difference in tuberculosis mortality among males 
during the war period in Germany was only slightly greater than in the 
males in Massachusetts. 
were increased in this age-group in Germany as compared with that of 


the males. 


Note also how greatly the rates among females” 


There is also a striking difference in the female mortality 
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in the age-group 60-69, to the advantage of the women of Massachusetts. 
Note also the lower rates in both sexes in the age-group 5-14 in Massa- 
chusetts compared with those of Germany. 

In America tuberculosis mortality increased slightly from 1915 to 
1916, then markedly during 1917 and 1918, falling since the war to about 
20 per cent below the trend of the prewar. data. 
increase in tuberculosis mortality during the war period occurred only in 


the wage-earning age-groups of both sexes (1). 


In Massachusetts the 
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The increase in the rates as shown in figure 1 for the United States of 
America data during the war period is much more significant than it 
appears here. In rural United States and in nonindustrial cities, such 
as New York City, there was little if any increase in tuberculosis mortal- 
ity during the war period, while in states which are highly industrialized, 
such as Massachusetts, we find the mortality rates for tuberculosis among 
the wage-earning groups of both sexes increased significantly. For the 
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males in Massachusetts the rates began to increase in 1915 and in females 
in 1917 (1). Following the war there has been a phenomenal decrease in 
male mortality, probably representing, in part at least, marked improve- 
ment in industrial hygiene in our industries. 

The trend line fitted to the data in figure 1 for the period 1900-1914 and 
projected to 1930 in a straight line represents roughly what the tubercu- 
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losis mortality would probably have been had the war not occurred, 
other conditions of the prewar period remaining unchanged. Since the 
United States of America data and German data appear to have been 
similar prior to the war, it is reasonable to assume that, had the war not 
occurred, there may have been a similar decrease in German tuberculosis 
mortality comparable to or perhaps even greater than that in the United 
States. Therefore the trend line in German data, if it is in error, as an 
indication of the probable normal tuberculosis mortality since 1914, as 
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is altogether likely, is probably too high rather than too low. Assuming 
this conclusion to be true, the number of deaths represented by the 
area between the curve of German data and the trend line from 1915 
to 1927 should represent fairly accurately the minimum excess tubercu- 
losis mortality in the German civilian population over and above the 
normal expected mortality for that disease, based on the experience of 
the period 1900-1914, and therefore directly attributable to the war and 
its sequellae. This area represents a loss of some 280,000 civilians dead 
of tuberculosis who would probably not have died of tuberculosis had the 
World War not occurred. This calculation is based on a population for 
Germany of 60,800,000 for the entire period 1915 to 1927. This number 
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Death-rates per 100,000 population from tuberculosis (all forms) by age-groups and sex in the 
German Reich 


(Data furnished by Dr. E. Roesle, Reich Officer of Public Health, Berlin, Germany) 


AGE-GROUPS 


s-1¢ | 15-29 | 30-59 | 60-69 | 70+ | Allages 


Males 


168 239 184 165 
169 235 168 159 
157 216 160 148 
160 213 152 148 


175 154 155 
183 227 171 165 
248 286 199 211 
292 307 202 232 
176 211 


150 151 
140 136 
161 
152 
131 


120 
113 
106 

96 


1911 
1912 
1913 
1914 


1915 
1916 
1917 
1918 
1919 


1920 
1921 
1922 
1923 
1924 


1925 
1926 104 
1927 100 
1928* 92 


* Provisional rates. 


YEARS 
| 
| 1911 | 230 56 
| 1912 | 194 53 
1913 | 193 51 
1914 | 212 81 37 
1915 | 188 87 38 
: 1916 | 186 | 102 45 
1917 | 213 | 113 56 
| 191g | 212 | 128 59 
| 1919 | 212 | 169 59 | 
| 1920 | 173 | 101 40 247 
| 1921 | 161 83 34 174 | 159 | 221 
| 1922 | 190 87 31 iss | 169 | 228 
1923 | 202 | 102 36 198 | 179 | 233 . 
| 1924 | 147 71 27 149 | 143 | 186 
1925 | 127 64 23 127 | 129 | 166 107 
| 1926 | 127 59 22 110 | 120 | 156 98 
1927 | 104 58 21 101 | 119 | 146 94 
| 1928* | 105 52 22 o4 | 113 | 142 90 
| Females 1 
| 196 73 | 202 is9 | 198 | 136 | 156 | 
158 66 193 | 1g1 | 191 | 137 | 147 
| 160 63 isa | 169 | 197 | 123 | 139 
| 174 80 55 131 | 166 | 170 | 119 | 137 
143 88 59 37 | im | 163 | 123 | 141 
7 159 99 67 203 | 193 | 186 | 144 | 159 
| 190 | 113 85 261 | 247 | 228 | 157 | 202 
181 | 131 92 301 | 276 | 248 | 167 | 228 
| 134 | 168 04 266 | 242 | 255 | 162 | 212 
132 04 65 197 | 184 | 200 | 138 | 158 
139 78 49 172 | 158 | 169 | 136 | 136 
| 162 83 47 133 | 155 | 171 | 137 | 140 
| 173 99 55 197 | 157 | 170 | 134 | 147 
126 70 42 iso | 128 | 137 | 119 | 119 
| 61 33 143 112 | 128 | 105 | 106 ; 
| 57 31 133 | 100 | 119 | 108] 97 
| 55 29 125 93 | 112 | 103 | 92 | 
| 51 27 116 gg | 99 | 91] 85 | 
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and females calculated from the official records 


Tuberculosis (all forms) mortality rates per 100,000 population in Massachusetts for males 


AGE-GROUPS 
YEAR 
0-1 1-4 5-14 | 15-29 | 30-59 60-69 | 70+ 
Males 
1911 a 153 23.6 167 237 254 192 
1912 260 125 27.4 163 234 200 141 
1913 338 128 20.5 166 238 197 135 
1914 278 113 26.7 174 238 197 127 
1915 280 102 27.8 174 221 184 120 
1916 327 125 25:2 179 249 224 149 
1917 250 127 24.8 175 247 204 139 
1918 244 111 26.1 202 268 222 117 
1919 208 104 18.7 150 214 178 124 
1920 236 79 24-5 128 170 172 128 
1921 178 75.6 19 100 151 168 93.5 
1922 152 66.3 14.6 106 154 166 104 
1923 114 63 17.5 100 139 144 95 
1924 144 66 14.3 104 135 164 87 
1925 122 59.3 13.4 $7.2 135 149 82 
1926 139 Sava 11.6 88 141 181 110 
1927 112 36.6 13.4 81.5 125 163 113 
1928 67 40 10.3 70.4 118 168 88 
1929 56 26.8 10.2 64.3 116 153 104 
Females 
1 1911 — 121 37.8 167 156 106 128 
1912 266 93 36.7 171 142 109 139 
1913 253 126 37.7 149 136 109 91 
1914 226 117 35 156 128 83 102 
1915 229 111 34.8 159 137 83 101 
1916 234 95 36.3 157 140 86 98 
1917 208 90 33.4 164 136 83 103 
1918 173 99 38.7 196 146 83 128 
1919 168 76 30.4 172 122 74 83 
1920 181 81 29.7 153 113 83 76 
1921 130 “iS 26.9 134 98.6 77 66 
1922 115 49 21.2 126 88.6 70 92 
1923 129 46.6 255 129 87 60 83 
1924 87 55 115 81.4 70 82 
1925 101 54.5 19 121 81.4 78 66 
1926 78 62 47 2 82 
15.9 


a 
7 1928 71.5 45.6 11.5 107 71.5 73 69 
q 1929 46.5 25.8 14.5 96.5 69 68 67.5 
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of excess tuberculosis mortality during the period 1915-1927 represents 
the equivalent of the entire tuberculosis mortality in Germany for 5 
years, at the rate prevailing in 1928. 

Comparing the German military casualties during the period 1914— 
1918 with the excess tuberculosis mortality in the civilian population dur- 
ing the period 1915-1927, we find that for every 5.83 soldiers killed in 
battle, or for every 6.42 soldiers killed in battle and dead of disease, or 
for every 10.6 soldiers killed in battle, dead of disease and missing, there 
was one civilian who died of tuberculosis more than would probably 
have died had the war not occurred, and therefore directly attributable 
to the World War and its sequellae. 


SUMMARY 


1. The influence of war on tuberculosis mortality is studied on the 
basis of the experience of Germany and the United States of America 
as recorded in their tuberculosis mortality rates from 1900 to 1928. 
Massachusetts data are used to compare with German data by age- 
groups and by sex. 

2. The rates in the United States of America rose slightly but signifi- 
cantly during the war period and fell rapidly after the Armistice to a 
rate about 20 per cent below the prewar trend. 

3. The German rates in 1918 exceeded those of the United States by 
55 per cent. Following the war the rates dropped rapidly until 1921, to 
rise again during the financial crises of 1922 and 1923 to a rate 62 per 
cent greater than that of the United States in 1923. Following 1923 the 
German rates fell to the prewar trend by 1927. 

4, The peak in the German data in 1918 corresponds to the industrial 
activity and financial depression of the period. The peak of 1923 cor- 
responds to the financial depression accompanying the inflation of the 
German mark. The fall in rates following 1923 coincides with the finan- 
cial recovery in Germany. 

5. The available data do not indicate that the influenza epidemic of 
1918 exerted much, if any, influence on the tuberculosis mortality. 

6. Germany apparently lost approximately 280,000 civilians from tu- 
berculosis, more than probably would have died had the war not 
occurred. 

7. The excess tuberculosis mortality in the civilian population in 
Germany, due to the war and postwar period, 1914-1927, was equivalent 
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to the total tuberculosis mortality in Germany for five years at the rate 
prevailing in 1928. 

8. For every 10.6 German military casualities during 1914-1918 there 
was one German civilian who died of tuberculosis who probably would 
not have died had the war not occurred. 
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“INSUSCEPTIBLE STRAINS” IN THE EPIDEMIOLOGY 
OF HUMAN TUBERCULOSIS 


H. W. HILL! 


Recent work, quoted in part beyond, on hereditary resistant strains, 
found among plants (1) (2) (3) (4) (5) (6), poultry (7) (8) and mice (13), 
lends strong presumptive confirmation to the hypothesis of the writer 
(9) (10) (11) that hereditary resistant strains exist amongst human 
beings and are particularly evident and important in tuberculosis. 
The curious early history of tuberculosis in the white races, compared 
with the conditions now found in various “‘primitive peoples,” in which a 


similar history appears to be unfolding itself under modern observation, ' 
has long been a matter of comment and hypothesis. A striking contri- 
bution to this particular phase was made by R. G. Ferguson (12), work- ‘ 
ing among the Saskatchewan Indians. Hill and Vrooman (9) found ; 
similar conditions, independently, amongst British Columbia Indians ‘ 
(unpublished as yet). ‘ 

The writer’s hypothesis (9) (10) (11), worked out wholly from the data P 
of the epidemiology of human tuberculosis, in ignorance (at that time) . 
of the plant, poultry and mouse investigations above referred to, may be Q 
briefly restated thus: 

Tuberculosis, on introduction to a body of people not already tuber- “ 
cularized as the white race is now, attacks children in great numbers; ‘ 
the disease is relatively acute, widespread and fatal, the bulk of the ‘ 
deaths occurring before puberty. d 

But, as time goes on, the disease tends to become more chronic, cases q 
become fewer, the age at death rises; and all this despite a very wide di 
distribution of infection, as distinguished from disease. 

The writer’s hypothesis (9) (10) (11) offers the explanation that, when a 
tuberculosis is rising in a nontuberculized people, the early selection by * 
very quickly fatal tuberculosis of the susceptible children leads to the bs 
gradual elimination, more or less incomplete, of these susceptibles from th 
the opportunity for reproduction, leaving to the surviving (that is, insus- aa 
ceptible) children the ultimate carrying on of the race. la: 

1 Department of Bacteriology and Department of Nursing and Public Health, University di 
of British Columbia, Vancouver, British Columbia. til 
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As this elimination of susceptibles develops, however irregular and 
incomplete it may be, cases become fewer, despite widespread infection. 
The resulting diminution in foci of infection means that the diminishing 
numbers of susceptible children have fewer chances of early serious in- 
fection, and therefore tend to reach older ages before fatal infection. 
Hence a gradual rise in the age at death; until as among whites, now, 
such serious infection of susceptibles is relatively rare until adolescence 
or young adult life is reached. 

But, with the survival of susceptibles to reproductive ages thus per- 
mitted, their offspring tend to carry on the susceptibility thus inherited 
from their parents; and this reaccumulation of susceptibles continues 
because tuberculosis, the one factor capable of eliminating these suscep- 
tibles, has been relatively restrained, by its own reduction, from con- 
tinuing the strenuous elimination it exercised when it was more wide- 
spread. Thus, susceptibles, having been relatively diminished when 
tuberculosis was prevalent, increase again when tuberculosis is reduced, 
and so form an aggregation of inflammable material ready to supply 
a great increase of tuberculosis, should opportunities for widespread 
early serious infection recur. Such opportunities may be supplied by 
any great change in economic conditions, if they result in the breaking 
down of the barriers which now more or less prevent the wide dissemi- 
nation of tuberculosis from the now relatively few open cases to the 
general population, and especially to children. 

Hence, we may visualize tuberculosis in the human being, if unre- 
strained by efficient artificial means, as impinging on the race in successive 
waves of perhaps a century or more apart, the waves depending funda- 
mentally on the alternate rise and fall in racial susceptibility; this again 
depending on the alternate elimination of susceptible strains at the 
height of the incidence of tuberculosis, and their reaccumulation as the 
disease diminishes. 

Test this hypothesis by contrast. Measles is a disease the infection 
of which (like that of tuberculosis) reaches the vast bulk of the white 
race. But in measles this infection results in disease in 95 per cent at 
least of those infected. Only 5 per cent or less escape the disease, al- 
though practically none escape the iufection. In tuberculosis, even now 
nearly all whites are at some time infected, and, in early days, a relatively 
large proportion succumbed (1 in 4). Now but 1 in 14 (or thereabouts) 
die. If this decrease in tuberculosis be due to an elimination of suscep- 
tible strains, why is not a similar elimination of susceptible strains evi- 
dent in measles? 
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Tuberculosis in early days killed its victims before reproduction. 
But measles does not kill its child victims: they recover and reach re- 
productive ages, transmitting then their natural susceptibility, not (as is 
perfectly evident) their acquired immunity. Did measles kill all of 
its susceptible child victims (95 per cent of the race), the few (5 per 
cent) naturally insusceptible survivors would alone reproduce the race, 
and measles apparently would then promptly be reduced to the vanish- 
ing point. As it is, however, the nonfatality of measles results in its 
indefinite continuance. | 

Turn now to the extraordinarily close confirmation of the fundamental 
principles offered in the above hypothesis afforded by me plant, poultry 
and mouse results above referred to. 


RESULTS IN PLANTS 


1: Jones and Gilman: “Even in the worst diseased fields in the autumn there 
are occasional sound heads. These have been selected, seed raised from them, 
this grown in turn on the sickest soil available, and those plants which remain 
sound again saved as mother-heads for seed-growing.” 


2: Edgerton and Moreland: ‘“‘At the Louisiana experiment station, this work 
was first started in 1910. In that year, individual selections were made from 
a badly infected field of Acme tomatoes. One of the plants seemed to be 
especially wilt resistant, as it lived through the whole season without showing 
any traces of wilt. Of the seed saved that year, only that from this one plant 
showed any resistance the following year. In 1911, the unselected Acme showed 
a wilt percentage on June 13th of 52 per cent, while the plants from this selection 
showed only 10.3 per cent.” 


3: Wheizel: “Black rot of the scales of the bulbs is the most serious lily disease 
in Bermuda. It is responsible for most of the lily growing failures. The dis- 
ease is caused by a fungus which not only causes the black rot of the outer 
scales of the bulbs, but also causes a rot of the roots, destroying a large per- 
centage of the trees in most fields before blossoming time. At least 75 per cent 
of all the lilies now grown in Bermuda are susceptible. Fortunately the other 
25 per cent are highly resistant or immune. This immune stock is scattered 
through the susceptible. Only two or three growers have eliminated the sus- 
ceptible plants and have now a relatively resistant or immune stock. Neither 
dusting nor spraying will control this disease. The selection and propagation 
of resistant or immune individuals is the only satisfactory method of control.” 


4: Linford: “Numerous single-plant selections were made from diseased 
fields of Horsford and Perfection peas at Columbus and Chilton, Wisconsin, 
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in 1925. After gathering seed separately from the most promising individuals, 
a mass selection of each variety was made from the remainder. Survivors 
were more numerous and more vigorous in Horsford than Perfection.” 


5: Wade: “In most cases resistant strains have been secured by mass selection 
from standard varieties grown on infested soil.” 


6: Walker: “Resistant strains of cotton, flax, tomato, cabbage, and other 
plants are now used in areas where the respective crops are hazarded by this 
type of malady. Jn the main these forms have been developed from standard 
varieties, and in many cases highly resistant strains have been readily secured 
through mass selection.” 


RESULTS IN POULTRY 


7: University of Illinois Agricultural Experiment Station: ‘Added proof that 
hereditary factors are involved in bacillary white diarrhea, one of the most 
serious of all baby chick diseases, has been obtained by Elmer Roberts, Animal 
Genetics, and L. E. Card, Poultry Husbandry. 

“Survival among the selected resistant stock after it had been inoculated 
with the organism causing the disease was 83.6 per cent, while among a non- 
selected stock only 52.5 per cent of the birds survived. These results are in 
accord with those of 1925, 1926 and 1927.” 


8: Iowa State College Agricultural Experiment Station: 
Table VII. Breeding Chicks for Resistance to Fowl Typhoid 
Tests Conducted in Spring of 1928 


Parentage Number of Percentage 

Chicks Tested Mortality 
Non-selected (Rhode Island Red).............. 105 99.0 
Non-selected (White Leghorn)................. 194 84.0 
Non-selected (W.L. x R.LR.).... 58 87.9 
Selected males x unselected females............ 335 70.4 
Selected females x unselected males............ 57 61.4 
Selected females x selected males.............. 641 38.5 


RESULTS IN MAMMALS (MICE) 
9: Webster: Concerning host susceptibility, we have found that. . . . by 
an artificial selection of especially resistant or susceptible* individuals, it 
has been possible to breed strains at will, whose average resistance is greater 
or less than that of the original random group.” 


* To mouse typhoid and to rabbit leptisepticum infection. 
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It would seem needless to point out that while the above hypothesis 
on tuberculosis explains on hereditary principles the contrast which 
exists between the features of the early history of tuberculosis in a race 
and its later history, it does not propose, and does not indeed foreshadow, 
any method of applying eugenics to the solution of the human tuber- 
culosis problem. 

True, it would appear obvious that by elimination of tuberculous sus- 
ceptibles from reproduction, tuberculosis would necessarily decrease. 
But we have at present no method of eliminating such susceptibles; for, 
first, we have no method of determining who are susceptible except by 
the fact that they succumb to the disease. Mere development of the 
disease does not necessarily show serious susceptibility. And even 
those who are now suffering an attack may later prove their potentialities 
for specific resistance to tuberculosis by recovery. 

Second, the methods used in plants, poultry and mice are quite im- 
practicable from every standpoint in the human being. Purposely sub- 
mitting every new human individual to serious virulent infection, and 
breeding from the’survivors of these only, is not applicable to the human 
being in any sense. 

Successful, even essential, as this drastic procedure is among plants, 
poultry and mice, its inevitable elimination from serious consideration 
in the human being forces us to the only other alternative? at present in 
view—the prevention of infection. 

If serious infection of the susceptibles is prevented, there is no good reason 
why they should not propagate. Susceptibility to tuberculosis does 
not correlate with disability in other directions—many of our most noted 
poets and thinkers have been susceptible to tuberculosis. Provided 
there be no tuberculosis to infect susceptibles, susceptibles are no worse 
off than insusceptibles. 


SUMMARY 


A hypothesis is presented to the effect that tuberculosis when first 
introduced into a race tends to kill off the susceptible strains; therefore, 
in time to die down for lack of inflammable material; hence, to relatively 
cease elimination of these strains; which strains therefore increase again 
(with an ultimate repetition of the whole sequence as a necessary outcome) 
unless infection of the susceptibles be artificially prevented. 


2 Calmette’s living BCG vaccine and Maragliano’s dead vaccine are still in the balance. 
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Confirmation of the soundness of the hypothesis is offered as deducible 
from the results actually obtained in artificial breeding out of resistant 
strains (to other diseases) in plants, poultry and mice. 

These conclusions further emphasize the need, now universally recog- 
nized, among public-health men, of strenuous efforts, by every applica- 
ble method, to prevent spread of human tuberculous infection from 
human foci. 
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THE DISTRIBUTION OF DIFFUSIBLE AND NONDIFFUS- 
IBLE CALCIUM IN PULMONARY TUBERCULOSIS 


FRANK B. COOPER! 


The mass of analytical data dealing with blood-calcium and its value 
as a diagnostic or prognostic aid in pulmonary tuberculosis has always 
been unique in that it has shown so little deviation from established nor- 
mal values. 

In 1911 Rona and Takahashi (1) demonstrated that calcium existed 
in the blood in diffusible and nondiffusible forms which might vary 
within certain limits without influencing the total calcium concentration. 
This suggested that the total calcium could not be considered as a true 
index of calcium balance and stimulated the investigation of the two 
forms in health and disease. 

At present three methods are available for such a study. The diffu- 
sible calcium may be determined in the ultrafiltrate or compensation 
dialysate of blood-serum or in the cerebrospinal fluid. 

The values given by various investigators (2) (3) (4) (5) (6) for cere- 
brospinal-fluid calcium in healthy people are in excellent agreement and 
average between 45 and 50 per cent of the total serum-calcium. The 
diffusible serum-calcium values vary through the somewhat wider limits 
of 39 to 75 per cent of the total, depending upon the method employed, 
and average slightly higher (1) (7) (8) (9) (10) (11). In spite of this, the 
tendency is to accept the values which most closely approximate those 
of the cerebrospinal fluid. 

Updegraff, Greenberg and Clark (10), employing compensation dialy- 
sis, found the diffusible calcium of 18 healthy people to vary between 
the limits of 3.6 to 4.6 mgm. per cent and to average 4.12 mgm. per cent, 
or 45 per cent of the total. This corresponds to a ratio of diffusible to 
nondiffusible calcium varying between 64 and 161 per cent and averaging 
82 per cent. Gunther and Greenberg (12), using ultrafiltration, and 
working with a similar group of 24 people, set the limits of variation 
between 4.1 and 6.8 mgm. per cent, with an average of 4.96 mgm. per 
cent, corresponding to approximately 50 per cent of the total, or to a 


1 Research and Clinical Laboratory, Trudeau Sanatorium, Trudeau, New York. 
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diffusibility ratio of about 98 per cent. Cantarow (5), working with the 
cerebrospinal fluids and sera of 68 healthy individuals, found the diffusi- 
ble calcium to vary from 4.5 to 5.5 mgm. per cent, corresponding to 45 
to 55 per cent of the total or to a diffusibility ratio of 82 to 115 per cent. 
In a series of 63 cases of pulmonary tuberculosis, Cantarow (13) found 
that the spinal-fluid calcium of 16 varied from 4.65 to 7.75 mgm. per cent 
and the diffusibility ratio from 117 to 152 per cent. The lesions of this 
group were exudative and in an advanced stage. A group of 11 patients, 
whose spinal fluid contained from 4.00 to 5.00 mgm. per cent of calcium, 


TABLE 1 
CALCTUM IN 100 Cc. OF SERUM —— OF | RATIO PER CENT 
2 » |2 |aa | ee 
NUMBER 3 3 g 33 
r=] ey = aS a 
> < > < < > < > < 
Exudative........ 10 |4.0-6.2) 4.8/4.9-6.5] 5.5] 10.3 41-55] 46.8/69-123) 88 
Productive....... 12 |4.4-5.5} 4.9/5.1-6.2) 5.7] 10.5 42-52) 46.6)71-106| 87 
Cavity 9 |4.0-6.2) 4.9)5.0-6.5) 5.6) 10.5 41-55] 46.5/69-123} 87 
18 |3.6-4.6| 4.1/2.8-6.1) 5.0} 9.2 39-53} 45.0/64-161} 82 
None (6) 68 |4.5-5.5 4.8-5.8 9.2-11.0/45-55 82-115 
None 24 |4.2-6.8] 5.0)4.1-7.2) 5.1] 10.0(e) 49.5 98 (e) 


(a) Selected from both exudative and productive groups. 

(b) By compensation dialysis (Updegraff, Greenberg and Clark). 

(c) From spinal fluid (Cantarow). 

(d) By ultrafiltration (Gunther and Greenberg). 

(e) Calculated from average values for diffusible and nondiffusible calcium. 


gave a ratio of 56.7 to 80.1 per cent and was found to have lesions of the 
proliferative or fibroid types. The remaining 36 patients, 57 per cent of 
the total, showed a normal diffusibility ratio, although suffering from 
chronic ulcerative tuberculosis in varying stages of activity. 

This apparent correlation of a specific type of lesion with a definite 
diffusibility ratio in approximately one-half of the cases observed was 
considered worthy of further study. 


EXPERIMENTAL 


The total diffusible and nondiffusible calciums were determined in the 
sera of 22 unselected sanatorium cases, of which 10 were classified as 
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exudative and 12 as productive. All determinations were made by the 
Clark-Collip (14) modification of the Kramer-Tisdall (15) method. The 
diffusible and nondiffusible fractions were determined in the serum dialy- 
sates, and residues which were obtained by the procedure of Updegraff, 
Greenberg and Clark (10). ; 

All determinations were made in duplicate and, inasmuch as the aver- 
age variation between the total calcium and the sum of the diffusible 
and nondiffusible fractions was +0.2 mgm. per cent, the total calcium 
was taken as their sum, to facilitate the calculation of ratios. 

The results are summarized and compared with normal values in 
table 1. 


DISCUSSION 


An attempt has been made to demonstrate whether or not different 
types of pulmonary tuberculosis cause changes in the calcium-diffusi- 
bility ratio of the blood-serum which might be determined by compensa- 
tion dialysis. 

The average diffusible calcium for the entire group was found to be 46.7 
per cent, the highest 55.0 per cent, and the lowest 40.8 per cent, confirm- 
ing the generally accepted value of 45 to 50 per cent of the total. The 
total calcium varied between the limits of 9.5 to 11.6 mgm. per cent and 
averaged 10.4 mgm. per cent. These figures are in accord with those of 
other observers (13) (16) (17) for similar groups of patients. 

Although a good agreement exists between the calcium of the cerebro- 
spinal fluid and that obtained by membrane technique from blood- 
serum, there is no direct experimental proof that the spinal fluid is equiva- 
lent to a protein-free filtrate of the serum or that the diffusible calcium 
of the serum and the total calcium of the spinal fluid are the same. In 
fact, most of the evidence supports the opposite view. 

The inequality in distribution of both organic (18) (19) (20) and inor- 
ganic (3) (21) constituents between the blood and cerebrospinal fluid 
presents considerable difficulty in establishing a definite relationship 
between them. 

Margulis and Perley (6) increased the blood-serum calcium of dogs to 
17 mgm. per cent by ingesting calcium salts and injecting parathyroid 
hormone. During this gain in serum-calcium the increase in cerebro- 
spinal-fluid calcium was negligible. By slow intravenous injection of 
1000 cc. of a modified Ringer’s solution, containing 5.0 gm. of calcium 
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chloride, they obtained a gain in serum-calcium of 5 to 18 mgm. per cent, 
with an accompanying elevation of spinal-fluid calcium of but 0.7 to 
2.7 mgm. per cent. They also found that the cerebrospinal fluid “‘prac- 
tically always gained in calcium,”’ when dialyzed in Schleicher and Schiill 
shells (no. 579) against blood-serum which had been simultaneously 
withdrawn from the same animal. These experiments demonstrate a 
definite rise in the diffusible calcium of the blood-serum without an 
accompanying proportional rise in spinal-fluid calcium and also a lack of 
equilibrium between the two. 

In view of the experimental evidence just quoted, the normal findings 
in this paper and the fact that Dr. Cantarow obtained abnormal findings 
in but 43 per cent of his definitely tuberculous patients, it would appear 
that the study of calcium distribution is of little value in the diagnosis or 
prognosis of pulmonary tuberculosis. 


CONCLUSIONS 


1. The diffusible and nondiffusible calciums, determined by compensa- 
tion dialysis in the blood-serum of 22 unselected patients with pulmon- 
ary tuberculosis, bear no demonstrable relation to the type or extent of 
the lesions. 

2. The values found agree remarkably well with those established for 
healthy individuals. 

3. The total calcium is in excellent agreement with the normal values 
and with those found for similar groups of patients. 
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THE LYSIS OF TUBERCLE BACILLI IN SPUTUM! 


L. ROSENTHAL anp VERA B. DOLGOPOL 


Several investigators have shown that tubercle bacilli may undergo 
visible lytic changes in the body of a tuberculous animal, apparently 
under the influence of defensive factors of the body (Manwaring and 
Bronfenbrenner (1), Dworski, Smith and Gardner (2), Rist and Rolland 
(3), Krause and Peters (4), Izabolinsky and Gitowitsch (5)). 

The lysis of tubercle bacilli 77 vitro has also been observed by several 
workers. Manwaring and Bronfenbrenner succeeded in reproducing the 
phenomenon of lysis by adding isolated peritoneal tissue of tuberculous 
guinea pigs to a suspension of tubercle bacilli. Richet (6), on the other 
hand, observed lysis of tubercle bacilli on adding pieces of various organs 
of normal rabbits and guinea pigs to bacillary emulsions. 

Corper (7) in a recent publication, based on his earlier work (8), 
reported the disappearance of tubercle bacilli from blocks of animal tis- 
sues that were incubated at 37°C. and from suspensions of living or dead 
tubercle bacilli that were mixed with ground tissue of various organs. 
Sections from the tissue blocks show undoubted signs of cellular auto- 
digestion, together with a disappearance of tubercle bacilli. 

The question arises whether the lysis will take place in the sputum of 
tuberculous patients, in which tubercle bacilli are exposed to the action 
of body fluids and cells (originating from tuberculous foci) ; in other words, 
whether the number of visible tubercle bacilli in the sputum will decrease 
on standing. A considerable difference of opinion exists in the literature 
on this subject. 

Besancon, Mathieu and Philibert (9) found that the number of tubercle 
bacilli usually increases in sputa kept at temperatures of 37° to 56°C. ' 
An increase in the number of tubercle bacilli in sputum at 37°C. was also 
observed by Sweany and Stadnichenko (10). 

On the other hand, Baldwin, Petroff and Gardner (11) advise the 
examination of only freshly expectorated sputum, for they believe that 
the development of the mouth flora may diminish the acid-fastness of 


1From the Laboratories of the United Israel Zion Hospital, Brooklyn, New York, and 
the Sea View Hospital, Staten Island, New York. 
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the tubercle bacilli. Webster (12) mentions that sputum with large 
amounts of tubercle bacilli may become practically negative if exposed 
to the action of air for 48 hours. 

Richet, Hauduroy and Delbreil (13) noticed a diminution and even 
a disappearance of tubercle bacilli from sputum kept at 10 to 15 days 
at 37°C. They found that the few acid-fast bacilli that still remained 
in the sputum after 10 days were nonpathogenic for guinea pigs. Accord- 
ing to these authors, the lytic principle is thermostable, because the dis- 
appearance of tubercle bacilli takes place in sputum that had been heated 
before incubation. Schiller (14) also mentions a decrease in the number 
of tubercle bacilli in sputum kept at 37°C. for two to four weeks. 

The purpose of this study was to establish whether a morphological 
lysis of tubercle bacilli occurs in the sputum and to analyze the probable 
factors involved in this process. 


Technique: Sputa showing the presence of large numbers of tubercle 
bacilli were examined. The sputa were collected in sterile glass contain- 
ers, free from antiseptics. They were thoroughly mixed with wooden 
applicators and control smears were made. The smears were fixed by 
heating for a moment over a free flame. They were then put away ina 
slide-box. Prolonged fixation often resulted in peeling off of the un- 
stained smear in a few days. 

Richet, Hauduroy and Delbreil made their initial smears from partly 
homogenized sputa, after a 24 hours’ incubation at 37°C. We made a 
number of smears from well-mixed sputa before and after such incuba- 
tion, and found the rough counts to be essentially the same in both cases. 
While possessing no special advantage in regard to a rough quantitative 
estimation, the smears from homogenized sputa were found to be incon- 
venient to use as initial controls, as they peeled easily if kept unstained 
for a few days. 

After initial control smears were made, the sputa were kept for a 
number of days at various temperatures, ranging from room temperature 
to 37°, 48° and 60°. 

In order to make it possible to compare not only the quantitative 
changes, but also the staining ability of the tubercle bacilli under strictly 
identical conditions, subsequent smears from incubated specimens were 
made, whenever possible, on the same slide as the initial smear. For 
this purpose the slide was divided into three or four sections. The initial 
smear from the freshly mixed specimen was made in the first section over 
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an area of 10 to 12 mm., dried, fixed, and the slide put ina box. After 
the desired time of incubation had elapsed, the sputum was thoroughly 
mixed, and a drop was placed in the second compartment on the original 
slide and spread over an area of 10 to 12 mm. in diameter; the smear was 
thoroughly dried, fixed for a brief moment over a free flame, and the 
slide put away. After a proper lapse of time, the third smear was made 
in the third compartment. If samples of the same sputum were kept at 
different temperatures and were examined after the same period of incu- 
bation, all smears were made on the slide of the initial smear, in different 
compartments. 

The smears were stained by the Ziehl-Neelsen method. 

The numbers of tubercle bacilli in these smears were designated in the 
following way: A large number of tubercle bacilli per oil-immersion field 
was marked 6 plus or 5 plus; if the number of tubercle bacilli was about 
10 per field, the smear was marked 4 plus; a slide with 4 to 8 bacilli per 
field was marked 3 plus; 2 to 3 bacilli per field were marked as 2 plus; 
one bacillus in every field or in every other field was marked one plus. 
Occasional bacilli on a slide were marked “occasional.” The initial 
smears were usually at least three plus. 


1. CHANGES IN THE TUBERCLE BACILLI IN SPUTA KEPT AT 
ROOM TEMPERATURE 


Forty specimens of sputum from 36 tuberculous patients were kept for 
10 to 15 days at room temperature. 

After standing for a few days, the gross appearance of the sputa under- 
went considerable changes. On the fifth day, in one-half the cases the 
sputum separated into two layers, a cloudy, opalescent, supernatant 
fluid and a layer of pus. At this stage the sputum could be easily homo- 
genized by aspirating and expelling from a capillary pipette. By the 
tenth to twelfth day all sputa underwent homogenization. 

Microscopically the leucocytes and the pyogenic bacteria were present 
in 75 per cent of the sputa, even if a macroscopic homogenization had 
taken place. 

On the fifth day in 43 per cent of cases there was a slight increase in 
the number of tubercle bacilli (from 3 plus to 4 plus; from 4 plus to 5 
plus, etc.). In another 43 per cent of cases there was no change in the 
number of tubercle bacilli. In 14 per cent of cases there was a slight 
diminution in the number of tubercle bacilli. . 

On the tenth to twelfth day there was an increase in the number of 
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tubercle bacilli in 47 per cent of cases, no changes in 28 per cent, and a 
decrease in 25 per cent of cases. The decrease was not large numerically 

(from 5 plus to 4 plus, etc.). A complete disappearance of tubercle 

bacilli from sputa containing large numbers of them and kept at room 

temperature could not be established. The staining ability of the tuber- ' 
cle bacilli, however, was definitely impaired in all sputa. Even in the 

cases in which the number of tubercle bacilli had increased, the bacilli 

were pale, unevenly stained, or broken up. 


2. CHANGES IN TUBERCLE BACILLI IN SPUTA KEPT AT 37°C. 


Twenty sputa were kept at 37°C for 15 days. 

At this temperature all sputa became homogenized in 24 hours as far 
aS macroscopic appearance was concerned. ‘The leucocytes could be 
seen in the smears for three or four days, but after that period of time 
they disappeared, leaving in their place an amorphous granular material. 
The pyogenic and saprophytic bacteria were present in large numbers 
throughout the time of observation. All sputa showed at first a con- 
siderable increase in the number of tubercle bacilli. The increase was 
so pronounced as to suggest the possibility of actual growth of tubercle 
bacilli in the sputum at 37° C. In one case the original smear contained 
occasional tubercle bacilli, but, after a five-day period of incubation, 
the sputum contained numerous tubercle bacilli (5 plus). The increase 
in the number of tubercle bacilli continued up to the tenth day, after 
which short, pale and broken-up bacilli appeared in the sputum together 
with unchanged bacilli. Beginning with the 12th and extending up to 
the 15th day of incubation, there was observed a marked decrease in the 
number of tubercle bacilli, especially as compared with the initial increase. 
Usually after 15 days the sputa, which in the original smears were marked 
5 plus, had to be estimated as 3 plus or 2 plus; 4 plus changed to 3 plus 
or 2 plus; 3 plus changed to 2 plus; and 2 plus changed to one plus or 
“occasional.”’ In a few cases an apparently complete disappearance of 
tubercle bacilli was noted. 


3. CHANGES IN TUBERCLE BACILLI KEPT AT 48°C. 


Two hundred and five specimens of sputum from 102 patients were 
placed at 48° C. to prevent the growth of all bacteria without inhibiting 
the action of the enzymes. 

The macroscopic homogenization took place in 24 hours. On the 
fourth or fifth day of incubation a complete homogenization (microscopic) 
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took place. The leucocytes and all bacteria (mouth flora) disintegrated 
and were converted into an amorphous granular material. 

As regards the changes in the tubercle bacilli, these sputa may be 
divided into three groups. 

The first group, covering 54 cases (98 sputa), showed a considerable 
decrease in the number, and a change in the appearance of the tubercle 
bacilli. After a 5- to 7-days incubation, the changes were very definite 
and could be compared to those observed in the sputa incubated for 15 
days at 37°C. The number of tubercle bacilli in the smears changed 
from 5 plus to 3 plus or to 2 plus; or from 4 plus to 2 plusor1 plus. The 
remaining tubercle bacilli underwent considerable morphological changes. 
They became shorter; their outlines lost their sharpness; they stained 
paler than the bacilli of the original smears. Occasionally clumps of 
amorphous acid-fast material were seen among clumps of partly destroyed 
bacilli. In a few cases blue bacilli with red granules were observed. In 
some sputa the red bacilli contained one or more black granules. After 
10 days of incubation the changes in the tubercle bacilli became still 
more pronounced; the numerical decrease was more marked, and the 
remaining bacilli were stained a paler shade. 


TABLE 1 
(First group.) Sputa showing changes in the tubercle bacilli 


CASES SPECIMENS PER CASE TOTAL SPECIMENS 


20 20 
26 52 
6 18 
2 8 


54 98 


The second group of sputa (17 cases, 27 specimens) did not show any 
changes in the number or morphology of the tubercle bacilli. 


TABLE 2 
(Second group.) Sputa showing no changes in the tubercle bacilli 


CASES SPECIMENS PER CASE TOTAL SPECIMENS 


8 1 8 
8 2 16 
1 3 3 
17 27 
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In the third group of sputa (31 cases, 80 specimens) the changes in the 
tubercle bacilli were inconstant. Some specimens showed a definite 
decrease in the number of tubercle bacilli, while other specimens from 
the same patient showed no changes in the number or the appearance 
of tubercle bacilli. Of 80 specimens, 43 showed a decrease in the number 
of tubercle bacilli, while 37 showed no changes in the tubercle bacilli. 


TABLE 3 
(Group three.) Sputa showing inconstant changes of tubercle bacilli 


SPECIMENS SPECIMENS WITH LYSIS SPECIMENS WITHOUT LYSIS 


Total 


Per case Total Per case 


Per case 


2 1 14 1 1+ 
15 3 15 1 5 2 10 
11 3 33 2 22 1 11 
4 2 2 2 2 


43 37 


Of 205 sputa of all the 3 groups that were kept at 48° C., 141 specimens 
showed a decrease in number and other signs of disintegration of tubercle 
bacilli, and 64 specimens showed no changes in the tubercle bacilli. 


4. CHANGES IN TUBERCLE BACILLI IN SPUTA KEPT AT 60° C. 


Sputa of 26 patients were kept at a temperature of 60° C. 

These sputa underwent a homogenization as perfect as samples of the 
same sputa that were kept at 48°C. The disintegration of the leucocytes 
and of the pyogenic bacteria was complete. A decrease in the number of 
the tubercle bacilli was observed on the sixth day in 22 cases, and ran 
parallel with the changes in the samples kept at 48° C. 


5. CHANGES IN TUBERCLE BACILLI IN SPUTA KEPT AT HIGHER 
TEMPERATURES 


Sputum specimens from 11 patients, whose sputa showed destruction 
of the tubercle bacilli at 48° C., were heated for 15 minutes at 90°C. 
and then placed at 60°C. for 6 days. 

Immediately after the heating at 90° C., the sputa became white and 
flaky, and then remained unchanged throughout the experiment. The 
leucocytes and the pyogenic bacteria were well preserved in size 
and shape. 


CASES 
| |___ 
41 80 
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After 6 days at 60°C. a slight decrease in the number of tubercle 
bacilli was noticed only in 2 cases. In the other 9 cases the tubercle 
bacilli did not decrease in number and stained well, occasionally showing 
black granules. 


6. CHANGES IN THE TUBERCLE BACILLI IN AUTOCLAVED SPUTA 


Thirty-six specimens of sputum from 27 patients were sterilized in the 
autoclave for 20 minutes at 15 pounds pressure, and then placed for 6 
days at 48°C. 

A diminution of the number of tubercle bacilli was observed in only 
5 cases. In all other cases the tubercle bacilli were well stained, occa- 
sionally showing the presence of black granules. Control portions of the 
same sputa, however, that were not autoclaved and were kept at 48° C. 
did show a destruction of tubercle bacilli. 


RELATION OF THE REACTION OF THE SPUTA TO THE DESTRUCTION OF 
TUBERCLE BACILLI 


The pH of the sputum was determined by mixing it with different 
indicators, covering a range of from pH 3.0 to pH 8.8. 

In order to determine the reaction of a sputum, 6 small drops of the 
sputum were placed on a slide over a white background. A drop of the 
following indicators was added to the sputum drops respectively: cresol- 
red, phenol-red, bromthymol-blue, brom-cresol-purple, and methyl-red. 
If the methyl-red did not decolorize, a drop of brom-phenol-blue was 
added to the last drop of sputum. The pH was determined within 2 
to 4 points, using the Clark (15) color table for comparison. 

In 45 cases the reaction was determined in fresh sputa, and after a 
7 days’ incubation at 48°C. In 31 fresh sputa the reaction was acid, 
ranging from 5.4 to 6.8, and in 14 cases it was neutral or alkaline, ranging 
from 7.0 to 8.0. After the incubation at 48° C., the reaction usually 
became more acid (2 to 4 points). The change towards the alkaline 
range took place in only 8 cases out of 45 and did not exceed 2 to 4 points. 

Of 31 acid sputa kept at 48° C., 15 showed a diminution in the number 
of the tubercle bacilli, 8 showed inconstant changes, and 8 showed 
no changes. 

In 14 alkaline or neutral sputa kept at 48° C., the destruction of the 
tubercle bacilli was observed 8 times, inconstant changes 4 times, and 
no changes twice. 

Of 14 sputa that were kept at room temperature for 10 days, 9 became 
strongly alkaline (pH 7.6 to 8.8), and five became acid. 
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An increase in the number of tubercle bacilli and a diminution were 
observed in both alkaline and acid sputa. 

Apparently neither the initial reaction nor the final reaction of the 
sputum influences the destruction of tubercle bacilli in the sputum. 


RELATION OF SYMBIOSIS WITH OTHER BACTERIA ON THE DESTRUCTION OF 
TUBERCLE BACILLI 


Webster, and Baldwin, Petroff and Gardner are inclined to think that 
an excessive development of other bacteria of the sputum that is kept at 
room temperature may bring about a change in the staining properties 
of the tubercle bacilli. 

The experiments made here fail to support this assumption, because 
at 37°C., when the pyogenic and putrefactive bacteria were developing 
in abundance, the tubercle bacilli were increasing in number; and the 
diminution in the number of tubercle bacilli became evident only after 
12 to 15 days’ incubation; whereas, at 48°C., when the common bacteria 
could not develop, definite retrogressive changes in the number and 
appearance of the tubercle bacilli were observed in from 5 to 7 days. 

In order to investigate the influence of microbic associations on tubercle 
bacilli, an experiment was performed which was based on observations 
made on another occasion: One of us (L.R.) (16) had shown that bacilli 
of the group T yrotrix produce a very potent lytic enzyme which is able 
to bring about a complete lysis of various bacteria. If Tyrotrix is super- 
inoculated in a turbid broth culture of the staphylococcus, in a few days, 
by the time of appearance of pellicle-formation of Tyrotrix growth on 
the surface of the broth, the turbid broth clarifies; microscopic examina- 
tions and the subcultures fail to reveal the presence of staphylococcus in 
the broth. Ina similar way experiments were made with tubercle bacilli 
cultured on Besredka’s fluid medium. The superinoculation of Tyrotrix 
in such culture of tubercle bacilli failed to show any injury to the tubercle 
bacilli, which retained their staining properties in the presence of a good 
growth of Tyrotrix. 

In another large series of experiments the cultures of tubercle bacilli 
on potato slants were superinoculated with Pencillium glaucum or with 
a strain of Streptothrix. The molds developed luxuriantly on the surface 
of the slant, covering the culture of tubercle bacilli. Nevertheless, 
smears made from the slants showed that the staining properties of the 
tubercle bacilli were not impaired by the association with the molds. 
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CELLULAR ELEMENTS OF SPUTUM: A POSSIBLE SOURCE OF THE LYTIC AGENT 


In order to decide whether the liquid part of the sputum or its cellular 
elements are responsible for the changes observed in the tubercle bacilli 
the following experiment was made: 

Nine sputa were kept in the water bath at 48° C. over night, centrif- 
ugated, and the supernatant fluids then separated from the cellular 
sediments. A heavy suspension of tubercle bacilli (made from a one 
month-old culture of tubercle bacilli on Corper’s .crystal-violet-glycerine- 
broth-potato medium and suspended in saline solution) was distributed 
into two series of sterile test-tubes. To the first series equal amounts of 
the supernatant fluids of the sputa were added. To the second series 
equal amounts of leucocytic sediments were added. A control tube 
contained equal amounts of the bacillary suspension and of sterile saline 
solution. After the initial smears were made from each tube, the tubes 
were placed in the water bath at 48°C. After 8 days in the bath the 
contents of the tubes were thoroughly mixed, and smears were made and 
stained by the Ziehl-Neelsen method. 

The control tube, containing the suspension of the tubercle bacilli 
and saline solution, did not show any change in the number or appearance 
of the tubercle bacilli, nor were any changes observed in the tubes con-’ 
taining the suspension of the tubercle bacilli mixed with the supernatant 
fluids. The smears from the mixture of the tubercle bacilli and the leuco-! 
cytic sediment, however, showed a diminution of the staining ability 
of the tubercle bacilli. 

A similar experiment was made with a suspension of Mycobacterium 
phlei in saline solutions. When mixed with supernatant fluids obtained 
from the sputa, the bacillus did not show any changes after incubation 
at 48°C. When mixed with the leucocytic sediment, the bacillus showed) 
a considerable impairment of its acid-fastness after incubation at 48° C. 
for the same length of time. 


RELATIONSHIP BETWEEN THE LYTIC POWER OF THE SPUTUM AND THE 
CLINICAL PICTURE 


There was no definite relationship between the presence or absence 
of bacteriolysis in the sputum and the clinical picture. However, the 
mortality within 8 months of observation was greater among the patients 
who did not show any bacteriolysis on repeated examination. 
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TABLE 4 


Cases Deaths 


DISCUSSION 


The experiments described here show that tubercle bacilli of the 
sputum may undergo the following changes: (1) the number of tubercle 
bacilli in the sputum decreases, and (2) the acid-fastness of the remaining 
bacilli is impaired, the optimum temperature of this being 48° to 60° C. 
However, the staining ability of tubercle bacilli is decreased even at 
room temperature. What are the causes of these changes? 

An autolysis of tubercle bacilli can be ruled out, since the latter remain 
unchanged in a suspension made in saline solution. A bacteriophage 
could not be considered, because the lysis takes place at 60°C. and some- 
times higher. It seems improbable that antibodies participate in the 
lytic changes of the tubercle bacilli, because the lytic principle of the 
sputum is relatively thermostable, and, besides, the fluid part of the 
sputum does not exert any lytic action on tubercle bacilli. The influence 
of the hydrogen-ion concentration and the effect of the concomitant 
bacterial flora can also be ruled out as factors contributing to the lytic 
changes in the tubercle bacilli. 

In view of the fact that the impairment of the staining ability is more 
pronounced in the case of tubercle bacilli mixed with the cellular sedi- 
ment of the homogenized sputum than in that of those mixed with the 
liquid part of the sputum, it is evident that the cellular elements of the 
the sputum, or, rather, the leucocytes (because of their overwhelming 
predominance in the cellular sediment) exert some lytic action on the 
tubercle bacilli. As the changes in the tubercle bacilli go on after the 
leucocytes have undergone disintegration, it seems that not an active 
phagocytosis by the leucocytes, but some products of their secretion or 
disintegration are responsible for the changes observed in the tubercle 
bacilli. These substances probably are not products of a leucocytic 
secretion, because at 37° C., the optimum for a process of secretion, the 
lytic changes in the tubercle bacilli became manifest later than at 48° C. 
On the other hand, when the leucocytes undergo rapid death, as in sputa 
heated at 90°C. or at higher temperatures, the lysis of the tubercle 
bacilli is minimal. Apparently, some substances that are liberated from 
the leucocytes during their autolytic disintegration are responsible for 
the lytic changes observed in the tubercle bacilli. 
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In comparing our findings with those of other investigators, we can 
agree with Besancon, Mathieu and Philibert (9), and with Sweany and 
Stadnichenko (10), that for the first few days an increase in the number 
of tubercle bacilli in the sputum may be observed (at times suggesting 
actual multiplication of the bacilli). We could confirm the findings of 
Richet, Hauduroy and Delbreil (13), that lytic changes take place in the 
tubercle bacilli of sputa kept at 37° C. for 10 or more days, although in 
our experience the thermostability of the lytic agent is not so great as 
in theirs, approaching rather the thermolabile lytic agent of animal 
tissues. We cannot agree with the assumption of Webster (12) and of 
Baldwin, Petroff and Gardner (11) that the concomitant bacterial flora 
of the mouth in the sputum may inhibit the staining ability of the 
tubercle bacilli. 

As far as the practical diagnostic question is concerned, we may assume 
that the danger of complete disappearance of tubercle bacilli from sputum 
very rich in tubercle bacilli is not great. However, im case of a sputum 
containing just a few tubercle bacilli, if the examination is delayed for several 
days, there is a possibility of missing a few decolorized bacilli. 

In view of the fact that the autolysis of the leucocytes most probably 
is responsible for changes in the staining ability of tubercle bacilli in 
the sputum, one must prevent the cellular lysis, if the examination of the 
sputum is to take place several days after the specimen had been obtained. 
This may be accomplished by boiling the specimen for a few minutes as 
soon as it is obtained. 

Overnight incubation of the sputum at 37° C. seems to be a simple 
enriching procedure. 


CONCLUSIONS 


1. Tubercle bacilli may undergo lytic changes in the sputum if the 
specimen is allowed to stand for a few days before examination. 

2. A certain degree of lysis may occur at room temperature. At 
37° C. the lysis becomes evident after ten days, following an initial 
increase in the number of tubercle bacilli. The optimum for the lysis 
is at 48° to 60°C. 

3. The concomitant flora of the sputum does not affect the staining 
ability of the tubercle bacilli. 


4. The lytic re is Menges the product of autolysis of the 
leucocytes. 4 —** 
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AN ATTEMPT TO GROW PARAMOECIA IN PURE CUL- 
TURES OF TUBERCLE BACILLI! 


ARTHUR P. DAMEROW? 


This investigation was undertaken to determine whether some of the 
simple protozoa would digest tubercle bacilli and, if so, to study some of 
the biochemical phenomena involved in the process. It was also thought 
possible that this combination might offer a simple method of studying 
the effect of various chemotherapeutic substances, both as regards their 
toxic effect upon the bacilli and the protoplasm of the protozoa, thus 
paving the way for therapeutic possibilities. In the early part of this 
study experiments were carried on with various species of amoeba, as 
these organisms are considered somewhat analogous to some of the white 
cells of the blood. It has been determined that these protozoa are cap- 
able of digesting various fatty substances (1) and contain a lipolytic 
enzyme, and, in addition, Reznikoff (2) studied the effect of the various 
chemical constituents of tubercle bacilli on the protoplasm of amoeba, 
thus paving the way for further observations. 

It was early noted, however, that the amoeba, when stained to deter- 
mine the presence of tubercle bacilli, suffered rapid disintegration, so 
that it became technically impossible to determine whether the bacilli 
had even been engulfed by the amoeba. For this reason a more hardy 
and stable protozoon, the paramoecium, was chosen for further study. 
The advantages of the use of paramoecia were the ease with which they 
could be grown under laboratory conditions and, more important still, the 
ability to withstand disintegration during staining for the presence of 
tubercle bacilli when using the usual Ziehl-Neelsen technique for this 
purpose. Moreover, the paramoecium can be grown in pure cultures of 
a nonpathogenic bacterium, as demonstrated by Hargitt and Fray (3) 
and Phillips (4), and Philpott (5) further demonstrated in an interesting 
investigation that paramoecia are able to grow in pure cultures of certain 
strains of pathogenic bacteria, namely, Bacillus pyocyaneus. He failed 
to grow them on Bacillus enieritides, however. 


1 From the Research Department of the National Jewish Hospital, Denver, Colorado. 
* Agnes Memorial Sanatorium, Denver, Colorado. 


363 


de 

aa 

aM 

AR 

tz 

a 


364 ARTHUR P. DAMEROW 


In the following study a species of Paramoecium caudatum (6) was 
used, and the tubercle bacillus tested was an avirulent laboratory strain 
of human tubercle bacilli growing slowly at incubator temperature only, 
as is common for tubercle bacilli. 

Initially a series of experiments were instituted to determine how long 
the paramoecia used in this investigation would live in various types of 
sterile culture media (0.2 per cent hay infusion and a standard beef- 
extract solution) and distilled water. They were found to remain viable 
for about twenty-four hours in sterile distilled water and for from one 
to three days in sterile hay infusion and beef-extract solution, no repro- 
duction taking place in these media. On‘the other hand, it was found 
that the tubercle bacilli used in this study remained alive in the above 
solutions in ordinary room light (sunlight being excluded), and, when 
in heavy suspension (10 mgm. per cc.), they could be recovered in viable 
form for at least eight weeks in sterile distilled water and at least sixteen 
weeks in both the hay infusion and the beef-extract solution, which was 
well within the time-limit intervals set arbitrarily for these experiments. 

A series of 6 sterilized paramoecia were placed in culture dishes, using, 
as culture media, sterile distilled water, hay infusion and beef-extract 
solution, to each of which were added approximately 20 mgm. of tubercle 
bacilli in fine suspension. These cultures were kept in ordinary room 
light and temperature as in the previous experiments. The paramoecia 
only lived in these cultures for a period of four to seven days, and in no 
case was there more than one division of the paramoecia noted. This 
was slightly longer than the viability in the above media alone but not 
long enough for the planned observations. 

It was then thought that by keeping the paramoecia in contact with 
tubercle bacilli for varied intervals of time, a tolerance might result, so 
that eventually growth of the paramoecia would be supported. Tubercle 
bacilli were added to cultures of paramoecia with only small amounts of 
culture media (hay infusion plus bacteria) used ordinarily in supporting 
paramoecium growth, and contact was maintained for varying periods 
of time. These paramoecia were then sterilized, to free them from the 
nutrient bacteria and medium, and they were then transferred to the 
sterile culture media free from contaminating bacteria but containing 
tubercle bacilli in suspension. This procedure of tolerance-development, 
however, also proved valueless in so far as making the tubercle bacilli 
better available to the paramoecium for ingestion as a nutrient. 

An additional experiment was then performed to determine how long 
tubercle bacilli would reside in the paramoecium, if at all, after washing. 
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The paramoecia were left in contact with tubercle bacilli for different 
intervals of time and then were thoroughly washed. The paramoecia 
which contained tubercle bacilli were then stained, using the Ziehl-Neelsen 
technique for this purpose, and, in addition, cultures of the paramoecium 
were prepared by means of the sulphuric-acid crystal-violet potato method 
(7) for tubercle bacilli. In brief, it was found that the bacilli were 
washed from the paramoecia almost immediately, indicating that these 
acted merely as a foreign body and did not actually enter the protoplasm 
of the paramoecia. 

The method of washing the paramoecia to free them from contaminat- 
ing bac‘eria was different and somewhat simpler than that used by other 
investigators. A 0.5-inch glass tube, approximately 8 feet in length, was 
used for this purpose. In the bottom of the tube were placed the para- 
moecia to be sterilized, being contained in a small glass capsule to facili- 
tate handling and transfer. The long glass tube was then plugged at the 
bottom and filled with sterile culture media or with sterile water, as the 
experiment might demand, for the purpose of washing (sterilization). 
Within the short time of from fifteen to twenty minutes the paramoecia 
would rapidly rise to the top of the glass tube and, in passing through 
the 8 feet of sterile solution, would become freed (sterilized) from con- 
taminating material after one or at most two washings. 

This method was also used to observe the length of time that tubercle 
bacilli remained in the paramoecium after washing and it proved to be 
highly satisfactory for this purpose. 


SUMMARY 


1. Cultures of avirulent human tubercle bacilli will not support the 
growth and reproduction of Paramoecium caudatum. 

2. Attempts to develop tolerance in the paramoecium for the tubercle 
bacillus were unsuccessful. 

3. Tubercle bacilli are rapidly washed from the paramoecium after 
they have been in contact for varying intervals of time up to two weeks, 
indicating that probably the tubercle bacilli were not taken up by the 
protoplasm of the paramoecium. 

4, A simple and satisfactory method of washing the paramoecium free 
from bacteria is described. 


The author is grateful to Mr. Ray Stoner for technical assistance in these studies. 
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THE SUMMER REST CAMP OF THE DALLAS TUBER- 
CULOSIS ASSOCIATION 


RICHARD M. SMITH 


The rest camp at Bachman’s Lake, Dallas, Texas, is owned and 
operated by the Dallas Tuberculosis Association. It has for the past 
twelve years operated for a period of three months during the summer 
vacation. 

The purpose of this rest camp is to provide care and medical attention 
for as many as possible of those undernourished children of Dallas 
County, who, because of their environment and poor financial condition, 
could not otherwise receive such care. 

It was the privilege of the writer to act as medical director of the camp 
during the summer of 1930. 

In the spring, while plans for the camp were being formulated and diets 
prepared, efforts were made to obtain some vitamine-containing prod- 
uct of concentrated form which would at the same time help build up 
the weight of these little patients as rapidly as possible. Of the several 
market codliver-oil products carefully considered, one was selected 
that seemed more nearly to fulfil our requirements, inasmuch as it not 
only contains vitamines A, B and D, but valuable weight-building prop- 
erties as well. Vitamine C would be furnished through the usual 
fruits and vegetables. 

Camp opened in June with applications on hand for 250 children. 
Each applicant was examined and his weight recorded prior to admission. 
As the camp accommodates only about 90 children at one time, our 
greatest problem was to give each child an opportunity to attain its 
normal weight before being sent home in order to make room for another. 
Thus it was necessary for us to keep accurate records of weekly gains in 
weight and to adhere closely to our weight-building diets. 

The camp is primarily a rest rather than a recreation camp. Conse- 
quently only undernourished children, or those between the ages of six 
and twelve who were susceptible to tuberculosis, were accepted, there 
being other institutions in Dallas providing purely recreational camps 

for the underprivileged. 
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A tuberculin test (Lederle’s Old Tuberculin, 0.1 cc., injected intra- 
cutaneously) was done on each child admitted to camp. Whenever this 
showed positive an X-ray was made, and, if the child by this test and 
physical examination proved to have open tuberculosis, it was rejected 
for further camp care, because of the danger to other children with so 
fertile a soil for childhood tuberculosis. If the positive tuberculin-test 
cases showed only a small primary closed focus in the periphery of the 
lung with a secondary lymphatic tuberculosis, they were retained for 
camp treatment. 

The rest camp, which, due to lack of funds, closed three weeks earlier 
than originally intended, was directly under the supervision of a graduate 
nurse, who has also made an extensive study of dietetics, and who has 
been in charge of the camp for the past five years. She had as assistants 
three full-time instructors and three part-time playground supervisors. 

The routine of the camp permitted ample time for play and sunshine 
and at the same time provided daily rest periods. Three full meals were 
served each day; ice cream or other nourishment each afternoon; and 
the codliver-oil preparation given one tablespoon twice daily; all of 
which kept the average daily intake around 2,000 calories. 

At the close of the camp the following results were noted: There was 
a total attendance of 203 children, with a daily average of 92 children at 
the institution throughout the eleven weeks it was in operation. The 
average stay in camp for each child was 34 days. No child was sent home 
until it was up to or very near its normal weight for age and height, 
except in a very few cases in which the child became ill or its parents 
removed it for one reason or another. . 

There were 15 positive reactions out of 170 tests made, a percentage 
of 8.85. This percentage is surprisingly low considering the class of 
children dealt with, when we realize that Opie and his coworkers found 
a much larger percentage among the school-children of Philadelphia, 
and further reported what they considered a very low rate of 12 per cent 
positive in the rural districts of Minnesota. Here we have in a very 
small group a relatively lower rate, whereas we might expect a larger 
number of cases of tuberculosis among them than among the average 
school-children of our own locality. 

Of all the positive tuberculin-test children of this group, an X-ray 
study was made and our diagnosis confirmed. These cases will be fol- 
lowed up and X-rays of their chests will be repeated at the end of six 
months. 
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The total gain in weight for all the children at the camp was 738 pounds. 
The average gain in weight per child was 3.6 pounds. The greatest 
individual gain was that of a markedly undernourished youngster who 
gained 13.5 pounds. Despite our necessarily shortened camp period, 
this is a greater average gain in weight by a fraction over one pound than 
we have ever had in preceding years. 

To those interested in this type of work it probably would be advisable 
to mention our expense of operation. Our average daily cost per child 
was 41.8 cents. This included all overhead expense, salaries, etc. The 
average cost per meal per child was a fraction over 9 cents. Thus, one 
can see that the actual cost of such an institution is relatively low when 
one realizes the real service such a work renders a group of underprivileged 
children. 

This has been our most successful year at the Dallas Tuberculosis 
Association’s rest camp and it is our hope that we can continue to grow 
and expand to meet a greater need in this community. 


BIBLIOGRAPHY 


CHADWICK: New England M. J., May, 1930, p. 1044. 

BRonFIN: Research Dept. Nat. Jewish Hospital, 1928-1929, vol. ix. 
Hawes: Amer. Rev. Tuberc., 1929, xx, 41. 

Opt: Ibid., 1929, xx, 413. 

HETHERINGTON AND OPIE: Ibid., 1929, xx, 421. 
SHEPARD: Amer. Jour. Pub. Health, 1928, xviii, 871. 


j 
3 ig 
q 
q 
4 
at 
q 
a 
a 


‘ 


1 
f 


WILLIAM STEWART HALSTED 


1852-1922 


2 
| 
q 
- 
1 
4 / 4 
. 
| 
‘ 
) 
i 


RESULTS OF THE OPEN-AIR TREATMENT OF SUR- 
GICAL TUBERCULOSIS! 


WILLIAM S. HALSTED 
With an Editorial Introduction by ALLEN K. KRAUSE 


Editorial Introduction 


One of the present editor’s enduring recollections of medical-school days 
is of a Friday clinic of Professor Halsted’s in the year 1906 or 1907. These 
Friday clinics were famous. Here would crowd in, at noon, the third- and 
fourth-year students and visitors, to watch presented, usually as surgical 
problems, cases selected by one of the most critical scientific minds this 
country has known. 

On this particular Friday “‘the Professor” had surrounding him in the pit 
of the amphitheatre a motley crowd of patients, whose “surgical” tuberculosis 
he had treated by nonoperative methods. For the most part he had super- 
vised their management in codperation with Trudeau. For almost fifteen 
years the two men had worked together. The results at the time seemed little 
short of miraculous. By means of noninterference perfect function had 
frequently been obtained, and the editor has a distinct recollection of Hal- 
sted’s statement of how, through and because of fresh-air treatment, some 
adolescent patients with joint disease would come through without atrophy, 
and without shortening, as well as without diminution of function. 

More than a decade went by before we in America again began to hear 
much about the treatment of nonpulmonary tuberculosis by another non- 
surgical procedure. In essentials, the results differed hardly at all from those 
announced by Halsted many years before. There was, however, an tmpor- 
tant difference of opinion as to the effective force or factor in treatment. 
Following the established canons of his day Halsted ascribed to “‘fresh air” 
the healing moment of his method. It could hardly be otherwise at a tvme 
when Rest took on but minimal proportions compared with current concepts 
of to-day, and when it was by all odds the shortest and weakest leg of the ca- 
nonical tripod of phthisiotherapy,—fresh air, food (superalimentation) and 


1 Reprinted from Transactions of the National Association for the Study & Prevention of 
Tuberculosis, First Annual Meeting, Washington, D. C., May 18 & 19, 1905, pp. 281-303. 
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rest. Again, familiarity with Saranac Lake’s climate would hardly compel 
Halsted to an opinion that made sunlight the therapeutic principle in his 
treatment. 

As the vogue of heliotherapy and ultravioletism grew to a furore, and this 
in turn settled inio a cult, and as uncritical publications succeeded accounts 
of uncontrolled work without end, the editor, mindful of Halsted’s earlier 
attempis and ideas, awaited in vain the mention of his pioneer efforts and 
some reference to them by way of criticism of the alleged victories of sunlight 
and ultraviolet rays. But, to the editor’s knowledge, no citation of Halsted’s 
work has ever appeared in this connection. More,—inquiry of many men 
over a period of some years has disclosed that not a man interrogated knew 
that Halsted had published a word on the treatment of tuberculosis. 

Now Halsted’s paper ts surely a classic, just as it is a trail-breaker, on 
the subject—on the management of surgical tuberculosis by noninterference. 
The reason that it has gone so many years neglected and unknown is un- 
doubtedly that for more than a quarter-century it has lain buried in a volume 
of the Transactions of a sociomedical society,—in the volume of proceedings, 
in fact, of the first meeting of the new-found National Association for the 
Study and Prevention of Tuberculosis. At this meeting Halsted was in 
glorious company,—with Trudeau, and Osler and Biggs, with Theobald 
Smith, Bushnell, Baldwin, Otis, Flick, and a host of others, whose achieve- 
ments date the solid tuberculosis work of the early days of organized effort 
in this country. Unfortunately, the appearance of Halsted’s paper in the 
Transactions was not supplemented by publication in a medical periodical. 
This is perhaps a chief reason why it was so completely forgotten, if it was 
ever heeded at all. 

At the time, Halsted’s experience and suggestions fell on sterile ground. 
We can hardly imagine any surgeon of 1905, schooled in the rigid precepts 
of excising and fixing tuberculous joints, as ready to spend several years in 
expectant waiting for arrest and cure of these diseased joints. Have we 
indeed advanced much further to-day? Within the last month the editor 
has seen a letter in which an orthopaedist of the first distinction states 
categorically that never in his experience has he observed a “functional 
result” in the case of tuberculosis of the knee in an adult unless an arthrodoe- 
sis had been done. This man might profitably be referred to Halsted’s 
case III in the paper that follows. 

Has anyone, indeed, routinely treated surgical tuberculosis by doing 
nothing except resting the diseased part and the patient under conditions 
of first-class hygiene? True, to do so requires the maintenance of the morale 
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of the patient through perhaps years of anxious observation. But, what is 
the essence of the treatment of any chronic disease except this keeping of the 
patient up to the mark? What distinguishes the able, the first-class physician 
but just this ability to uplift the patient and to keep him up? And who but 
a master in this respect 1s the world’s acknowledged leader in heliotherapy? 

This ts not to say that what we call heliotherapy is not exerting a beneficial 
effect on tuberculosis of several types. For one thing, no one can observe 
the very obvious remarkable muscular tone in patients, long bed-ridden with 
a debilitating and wasting disease, and hold to such a nthilistic opinion. 
But, until we possess scientifically controlled data that will pass muster, we 
should keep fixed in mind that in heliotherapy, as it is practised successfully, 
we are submitting the patient to a method, a regimen, that includes vastly 
more than simple exposure to sunlight or any other phototherapeutic media. 
And, although to the recovered patient it may mean little, rational medicine 
cannot be satisfied until it understands correctly what elements of nonsurgical 
tuberculotherapeusis combine to heal extrapulmonary tuberculosis. 

The editor has long insisted that the general principle of any and every 
mode of treatment should begin with and be based on the broad generalization 
that the tuberculous process has a marked inherent tendency toward healing 
—a principle that is not any too well understood or widely entertained at 
this late day. Therefore the still all too ready grasp for the knife, the appit- 
ance, the “antistuff,” that would radically disturb what calls for the inaction 
that would allay. How characteristically in this respect does tuberculosis, 
presented to the physician, but repeat the ages-long experience of medical 
practice! How slowly and how far does its practical management lag behind 
scientific knowledge of its roots and habits! How, for instance, has the case 
with tuberculosis been not unlike that with terminating lactation,—when, 
for years after physiologists had determined that forced function was the best 
stimulus to galactopoiesis, standard practice continued pumping to “dry” 
the breast!—with never a thought of what was happening under everyone’s 
eyes im every cowpen. 

Deep and critical thinker that he was Halsted’s experience was just begin- 
ning to teach him this one great important truth about the essential curability 
of tuberculosis. ‘That most cases of surgical tuberculosis will recover with- 
out operation if they are given a fair opportunity . . . . , I amconvinced, 
nor should I be surprised if it proved to be.in general, an easily curable 
disease.” Thus he writes near the end of his article. Only there must be 
something specific about this “fair opportunity.” It must be “in the open- 
air.” To-day we would not be so certain about this. We have not carried 
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Halsted’s work forward. But, as an experiment, we should be content to 
rest with “a fair opportunity,” —a mode of living designed to build up phys- 
ical reserves to the limit, and not insisting upon any one specific therapeutic 
agent that 1s tucked away in the really complicated scheme or regimen that 
goes into the making of, say, heliotherapy or aerotherapy, as either is success- 
fully applied in practice. 

Compared with the much elaborated and standardized present-day man- 
agement of tuberculosis, Halsted’s prescription, as outlined below, was 
haphazard and pitifully inadequate. Modern phthisiotherapy is really a 
discipline, however much the applier of tuberculin or phrenic-nerve surgery 
or heavy-metal salis may forget the fact in practice, and few are the patients, 
subjected to more special methods of treatment, that have ultimately ‘made 
the grade’’ unless at the same time they were ordering their lives according 
to the well-understood discipline of this disease’s management. In 1905 
this discipline was just beginning to take shape, although it had behind it 
a half-century of trial and error,—since Brehmer’s time at least. Itis there- 
fore all the more amazing that Halsted’s rather incomplete methods arrived 
at so brilliant a result in many cases. It 1s well to remember, too, that highly 
developed as our modern surgery has become for standardized and specific 
operative methods in tuberculosis, there still goes out emphasis without let-up 
that success in thoracic surgery is proportional to codperation with the 
internist and a well-ordered mode of living—regimen—prescribed for the 
patient. No matter how implicit the faith or enthusiasm for any particular 
and specific method few phthisiotherapists have ever for a moment dreamed 
of trusting their own vaunted ark of recovery alone to the treacherous sea of 
tuberculotherapy. Koch, Friedmann, Forlanini, Brauer, Mdllgaard, 
Gerson, Landerer, Sauerbruch, Rollier, have applied their medium always 
to patients under conditions, more or less modified, of sanatorium regimen, 
a circumstance that has always made difficult and has delayed a correct 
appraisal of any new method in human tuberculosis. 

Since 1905 sanatorium—disciplinary—management has undergone a 
development and perfection of detail that is hard for the newcomer into the 
field to grasp: so great in fact and so potent in effects that anyone familiar 
with the contrast must wonder as to the improvement in results that would 
surely attend the picking up of the thread thrown out by Halsted and iis 
much greater extension under present conditions. Chief among these con- 
ditions should be complete freedom from opinion or bias as to what the effec- 
tive agent in recovery may be. Perhaps it might be the “open-air: Halsted 
thought so. Perhaps it might be sunlight or, more particularly, its ultra- 
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violet component: Rollier thinks so. It would appear that Halsted made 
an experiment without benefit of sunlight as a major force. It seems certain 
that Rollier’s great experiment has had “open-air” as a major force to 
reckon with. 

Perhaps, and just as likely, the effective agent is a compound of these two 
forces; or, again, that it comprises but little of either. All the more reason, 
therefore, why predominant in any inquiry should be an open mind with 
capacity and tratning to see clearly and critically. 

Which brings us to the main reason for reprinting this classic of tubercu- 
losis by Halsted:—to drag from oblivion an account, served to the medical 
world years before its time, of how tuberculosis, in forms that had always 
seemed predestined to the knife, would yield, as surely as pulmonary tuber- 
culosts, to time and expectant care; to put on record afresh, and with more 
timeliness, results that will compare not unfavorably with those now being 
attributed to another more specific agent by a large body of opinion that still 
has tts thesis to prove scientifically; to present anew old material to encourage 
and aid us in keeping alive the spirit that calls without ceasing for revalua- 
tions of the causes of tuberculosis and the means of healing it. 

It should be mentioned that in this published paper of Halsted’s one 
searches in vain for an important phase of the treatment by nonintervention 
that Halsted brought out strongly in the clinic. Since its essence was time— 
years of it—one of its chief indications was the economic status of the patient. 
Even though it had been invariably curative, it could hardly ever be the 
treatment of choice for the adult patient whose prolonged withdrawal from 
workaday life would wreak hardship and poverty upon himself and dependents. 
Such a patient must take his operation and his ankylosis, and be returned to 
an earning capacity with as little delay as possible. But, for the child, the 
adolescent often, and the favored-of-fortune adult, the treatment of tuberculous 
joints and kindred conditions without operation opened up a vista of entirely 
undreamt-of possibilities of cure. 

Finally, one should remember that, in any consideration of curability, 
“surgical’”’ tuberculosis partakes of the same general elements that hold for 
pulmonary tuberculosis. There are manifestations, phases, of the disease 
that put it beyond the pale of curability, just as curability must be measured 
by the features of clinical development and progression of the process as these 
manifest themselves to the physician. “Surgical” tuberculosis is no excep- 
tion to the rule that curability keeps pace with incipiency and mildness and 
tardy spread of disease. 


ALLEN K. KRAUSE. © 
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Planned and partly written more than ten years ago, this paper was 
not completed until last Autumn (1904) when the private clinical mate- 
rial seemed large enough and to have been observed long enough to make 
the report convincing. Even now my list of private cases of surgical 
tuberculosis is not a long one. It is not to be expected that people 
accustomed to luxury, and, particularly, when in poor health, should 
relish the prospect of a winter in a boarding house at Saranac. I am, 
therefore, under great obligations to the patients who have so coura- 
geously and with such implicit trust yielded to my very earnest solicitations 
to exile themselves for a winter at least. To-day we cannot well realize 
the amount of faith which this required fifteen years ago when not a 
single precedent could be cited, when one could indicate no case of 
surgical tuberculosis which had been treated in even a most desultory 
out-of-door fashion, and when patients, encouraged to believe that they 
would get well if they remained at home and in doors, asked me to ex- 
plain how mountain air, inhaled ever so deeply, could reach the bone. 
The sanatorium of Dr. Trudeau at Saranac Lake had been in existence 
only about four years when, in 1889, soon after my call to the Johns 
Hopkins University, I first met him and one afternoon listened for hours, 
charmed by the story of his life, his work, and his dreams for the future. 
He eagerly welcomed the suggestion that possibly all cases of tuberculosis, 
irrespective of the situation of the lesion, might be benefited by the treat- 
ment which he believed was proving to be of great value for pulmonary 
tuberculosis. The milder the case, or in other words, the more nearly 
perfect the patient’s immunity, the greater, presumably, was the pros- 
pect of cure. Hence, cases of bone and lymph-gland tuberculosis which, 
under various names, had for tens of centuries been regarded as more or 
less curable and certainly as infinitely less to be dreaded than ‘“‘consump- 
tion,’’ seemed eminently proper ones for the open air treatment. 
There is abundant evidence from France, and especially from England, 
as to the genuineness of the cures of struma and of rickets by the laying 
on of the King’s hand. The practice can be traced in England to Edward 
the Confessor (1066) and in France to Philip the First (1108) “Le Roi 
te touche, Dieu te guérit.”” From the official register it appears, for 
example, that 90,798 persons suffering from the ‘King’s Evil’ were 
touched by Charles II (1660-1664 and 1669-1682).2 John Browne, 
Chirurgeon in Ordinary to His Majesty, the author of four treatises 


2 Gurlt, Geschichte der Chirurgie. 
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(1684) on the subject gives a figure even larger in his Charisma Basilicon, 
or the Royal Gift of Healing Strumaes, or King’s-Evil, Swellings by Contact, 
or Imposition of the Sacred Hands of our Kings of England and France, 
given them at their Inaugurations. 

Shakespeare refers to the custom (Macbeth, Act. IV, Scene III): 


Doctor. Ay, Sir: there are a crew of wretched souls 
That stay his cure: their malady convinces 
The great assay of art; but, at his touch, 
Such sanctity hath heaven given his hand, 
They presently amend. 


* * * 


Macduff. What’s the disease he means? 


Malcolm. Tis called the evil; 
A most miraculous work in this good King; 
Which often, since my here-remain in England, 
I have seen him do. How he solicits heaven, 
Himself best knows; but strangely-visited people, 
All swoln and ulcerous pitiful to the eye, 
The mere despair of surgery, he cures, 
Hanging a golden stamp about their necks, 
Put on with holy prayers: and ’tis spoken, 
To the succeeding royalty he leaves 
The healing benediction. 


The cost of these golden stamps in certain years was more than 3,000 
pounds, sterling; so great that in Elizabeth’s reign silver coins were 
substituted for the gold. Many of the best known English surgeons, 
Gaddesden, Gale, Clowes, Bannister, from the 13th to the 17th century, 
testify to the marvellous results of this practice. Is it not very likely 
that the exposure to all weathers day and night, the life in the open, led 
by the afflicted on their long pilgrimages to Norway, France, England, 
effected the cures of the “King’s Evil’? and deserved all the glory 
enjoyed by the monarchs endowed with the miraculous touch? 

Though the knowledge of opsonins was a little indefinite in the early 
Adirondack days, it was evident that, in a general way, improvement in 
nutrition, whatever that signifies, is responsible for the subsidence of the 
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disease. After my talk with Dr. Trudeau a year passed before the pa- 
tient destined to be the first to make the true experiment in the treatment 
of surgical tuberculosis presented himself. But in the meantime we 
were accumulating evidence of a less conclusive kind on the “bridge” 
of the Johns Hopkins Hospital. The open air treatment of surgical 
tuberculosis possibly began with the admission of the first tuberculous 
patient to the surgical wards of this Hospital. He was wheeled in his 
bed to a spot on the roof of the long corridor. A rough trundle-bed had 
been constructed for the purpose of transporting beds easily from the 
wards to the bridge and to the clinics.4 Although at first the surgical 
beds on the bridge afforded amusement for most except those whose 
duty it was to trundle them, very soon the benefit to the patients 
was so definite and evident that even certain nontuberculous patients, 
particularly those convalescing from other infections, were also treated 
to fresh air. Just the other day, for example, a child about eleven years 
old, operated upon for appendicitis, had a septic post-operative tempera- 
ture, ranging from 101° to 106°F. for nearly three months. Whether 
general infection or an undiscoverable local focus of infection was re- 
sponsible for the temperature has never been determined. Her haemo- 
globin sank to 25 per cent. Finally, when her life was almost despaired 
of, she was transported to the bridge and, seemingly from that moment, 
her convalescence and prompt recovery began. 

It is a real joy to patients, this life in bed on the bridge. It relieves 
the monotony of the confinement and they discover that it gives appetite 
and sleep and vigor. After a severe surgical operation, patients, if rest- 
less and sleepless, often find that the day out of doors in bed refreshes 
and soothes them and insures a peaceful night and a morning minus the 
headache incident to an anodyne. And what a boon it must be to the 
typhoid convalescents, to those suffering from the so-called post-typhoid 
septicaemia. The main rectangular corridor is twelve feet wide and 
more than 1,300 feet long: hence, the length of the veranda or “bridge,” 
its roof, is about one quarter of a mile. I have intended for years to 
ask the distinguished designer of the Hospital, Dr. J. S. Billings, if he 
had in mind any such possible use for the bridge when he planned it. 
This treatment of patients with surgical tuberculosis has been carried on 


4 The idea and the design for this trundle we brought from the great clinic of Volkmann in 
Halle where it was used to transport beds from the wards to the amphitheatre, and from ward 
to ward. 
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uninterruptedly for the past sixteen years; and now, every day, with few 
exceptions, winter and summer, the bridge is strewed with the sick. 

But it is from my private parties that I have learned the almost in- 
credible value of the true out-of-door living in the treatment of surgical 
tuberculosis. 

I have treated no patient, the Hospital cases excepted, who would not 
or could not live out of doors in the manner prescribed. 

There follows a brief abstract of all the private cases, and, hereupon, 
the fuller histories of the first four of these which latter were the pioneer 
patients, the experimental cases, and have been under observation for 
many years. They were, also, serious cases, whose progress has been 
watched with unusual concern and satisfaction. 


Case I: Pott’s disease with sinuses. Enormous waxy liver. In bed, very 
ill, and supposed to be dying when he consulted me in 1890. Transported in 
private car to Saranac Lake. Restored to fair health, married, father of three 
children, lived twelve years, died of nephritis. (Fuller history follows.)5 


Case II: Child, aet. 15. Family history of tuberculosis. Hip disease one and 
a half years. Large abscess in or about joint (Feb., 1893). Todoform injec- 
tions; rigorous out-of-door treatment at home in Maryland and mountains of 
Pennsylvania for seven years; then (Jan., 1900) to Adirondacks, where, in 
five weeks, she gained nine pounds. On her return she looked really well, 
for the first time since my first examination. Brace and crutches were dis- 
carded, and riding, driving, walking, dancing and social pleasures were freely 
indulged in with true relish, after the long weary years of life in a chair on the 
piazza. But day after day and night after night our patient’s strength was 
taxed (1900 and 1901) and the hours on the piazza became fewer and fewer and 
finally none. Then, in less than two years (from the time “cured:” Dec., 
1901) she noticed a little swelling and stiffness above the right wrist for which 
she soon consulted me. Her general condition was poor, almost bad. Diag- 
nosis: Tuberculosis of tendon sheaths. At operation a very active and ex- 
tensive process from palm to upper third of forearm was revealed; thousands 
of fresh tubercles in sheaths and muscles were carefully removed. Patient 
went eagerly and promptly after the operation to Saranac, where in the first 
month she gained 16 pounds. The winter was spent in the Adirondacks and 
the summer in the Austrian Tyrol. May, 1903. Patient enjoys perfect 
health. She walks with a hardly noticeable limp. Flexion permitted to a 
right angle at affected hip, although the head of the femur has disappeared. 
The slightly expanded end of neck occupies the acetabulum. The function of 


5 All of the cases are given in detail at the end of this paper. 
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hand and wrist is perfectly restored. Results like this, very rare in ths past, 
will be common in the future. (Fuller history follows.) 


Case IIT: Mrs. ——d, aet. 28. March, 1894. Sister died of pulmonary tu- 
berculosis, aged 36 years. Is very delicate and neurotic. Fluid in right knee 
joint. Typical tender points. Iodoform injections, at my suggestion, by 
the late Professor Dabney of Charlottesville, Va. Life out-of-doors in Vir- 
ginia conscientiously carried out. June, 1894, no improvement. Adiron- 
dacks urged, but not feasible. Injections continued by Dr. Dabney. October, 
1895, disease progressing rapidly. Resection considered. November 5, 1895, 
patient presented herself in Baltimore for operation. She coughed and had 
fever. Examination of lungs revealed apical involvement. Consented to go 
to the Adirondacks. Pulmonary haemorrhage en route. Weight, 86 pounds. 
Normal weight, 104, greatest weight, 112 pounds. Arrived in Saranac, ex- 
amined promptly by Dr. Trudeau. His prognosis guarded but rather unfavor- 
able. On subsequent examinations it proved that the disease, though in- 
cipient, was still advancing; prognosis more decidedly unfavorable. For 
several months no improvement, then a slight gain, and in August, 1896, she 
weighed 95 pounds, a gain of 9 pounds in about 9 months. Circumstances 
made Adirondacks too difficult. The mountains of western North Carolina 
were suggested, but patient was so much encouraged that she returned to 
Virginia. There she slowly but surely lost ground. Eventually, October, 
1897, she made her home in the North Carolina mountains. The lesson learned 
at Saranac was of great value here. She lived the true, open-air life faithfully. 

In September, 1898, I found astonishingly great improvement in the con- 
dition of lungs and knee, and in a few months discontinued the plaster cast. 
In May, 1899, weight 97 pounds. In January and February, 1900, she visited 
in Virginia and lost much ground. Possibly developed a slight pleurisy. 
Returned to North Carolina and gradually regained what was so rapidly lost. 
November, 1900, knee still better. January, 1901, motion in knee returning. 
Then a second visit to her home in Virginia; again, and promptly, a pleurisy; 
she became so ill that it was difficult to return to North Carolina. January, 
1903, examination. I could hardly believe what Isaw. The right knee joint 
looked perfectly normal, except for a very slight fulness on either side of liga- 
mentum patellae. (Fuller history follows.) 

Under Dr. Thayer’s care this patient has gained more than twenty pounds 
within a few months; he is unable to find a trace of the pulmonary disease which 
at one time was so active as to seriously menace her life. 


Case IV: Miss——1, aet. 38 years. Tuberculous family (sister, uncle and aunt). 
Hip joint disease, initial stage. Tuberculin reaction. Modified open-air 
treatment in Pennsylvania for eight months. Through misunderstanding, 
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considerable exercise was taken. Disease made such definite progress that I 
became alarmed and urgently advised Adirondacks. Immediate and great 
improvement in general and local condition at Saranac Lake. Brace and 
crutches discarded three years after first examination. Motion at hip joint 
almost perfect. Unless very careful comparisons with the other hip are made 
there is no indication of impairment of function. Even the apparent shorten- 
ing (adduction) which the brace could not overcome and which persisted for 
nearly three years has vanished. Only the reaction to tuberculin remains. 
(Fuller history follows.) 


Case V: Miss ——m, aet. 14. In September, 1900, fell, striking right hip. 
Bruise over right trochanter. Attended school regularly. Consulted me 
about four months later for limp and occasional pain in right knee. Patient 
seemed in good health but had lost a little in weight and perspired easily. 
There was about 1.5 cm. apparent lengthening of the right leg, but no differ- 
ence in circumference of thighs and legs on the two sides. Hardly demon- 
strable limitation of motion in any direction; little if any rigidity of the adduc- 
tors of the thigh. Extreme hip movements caused pain in the knee of the 
affected side. Tuberculin was administered three times at her home. The 
reaction was very slight but definite, becoming more pronounced as the dose 
was increased. Definite pain in the hip itself was experienced for the first 
time a day or two after the exhibition of the third dose of tuberculin. 

February 13, 1901, admitted to the Johns Hopkins Hospital. Supplied 
with brace and treated on the “bridge” until May 13, 1901. While in the 
hospital she was entirely free from pain except for occasional brief twinges in 
hip and knee. 

From the Hospital patient went to Atlantic City for a few weeks and thence 
to the Adirondacks for the remainder of the summer. During the following 
winter it seemed so difficult to arrange for the patient’s departure to the Adiron- 
dacks that she was permitted to live in town, spending her days, however, 
out-of-doors on a balcony. In the spring she had lost so much in weight and 
her general condition was so unsatisfactory that I almost insisted upon a 
change. Tuberculin again administered, was followed by a prompt reaction, 
the temperature reaching 103°F. A winter in the Adirondacks completely 
restored our patient to health. 

May, 1905, two years after the institution of treatment, a cane was sub- 
stituted for the brace. In a few months the cane was discarded and patient 
has led the active life of a young society girl ever since. She has no pain nor 
limp and seems perfectly well. 


Case VI: Mrs. J——n, aet. 34. Admitted October 4, 1902. Diagnosis, sacro- 
iliac tuberculosis. Two years ago pleurisy in left side. No night sweats and 
no shortness of breath. 
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Present iliness began in April, 1902. Patient felt slight twinge in back on 
getting into carriage. Next day had severe pain in region of sacroiliac syn- 
chondrosis. Since then patient has suffered constantly. 

Exam.: Considerably emaciated. Gums pale. No tenderness on pressure 
over spines of vertebrae. Over right half of sacrum is a slight fulness and over 
this some tenderness. ‘Tenderness also in sciatic notch and along sciatic nerve. 
Little if any tenderness over Poupart’s ligament on right side, except on very 
deep pressure. In August, 1902, in Virginia, patient’s ovaries and appendix 
were removed. 

October 16, operation, cocaine, Dr. Halsted. Aspiration of tuberculous 
abscess over sacroiliac articulation. Jodoform emulsion injected. 

November 1, operation, ether, Dr. Halsted. Exploration of right sacroiliac 
joint. Excision of the walls of a tuberculous abscess and of a portion of the 
sacrum. A large abscess was discovered in the pelvis communicating with the 
one above. The walls of the pelvic abscess were cleaned as well as possible, 
but some portions were inaccessible from this opening. 

February 3. Since operation patient has been kept out of doors, in bed, but 
her weight, which is normally 135 pounds, is now only 98. She has been most 
carefully instructed as to the life out-of-doors, and has promised to follow 
directions implicitly. Discharged. 

April 8, 1904. Patient returns for examination. She is in perfect health 
and weighs 150 pounds. Since leaving the hospital, two years ago, she has 
lived out-of-doors faithfully in all weathers; has slept in doors but with windows 
wide open. The sinus leading to the pelvis is closed. There is no sign of 
disease in the pelvis or at the site of the incision in the back. She complains of 
nothing except that on standing she has slight pains along the course of the 
sciatic and external popliteal nerves. Extreme flexion of thigh sometimes 
produces this pain. Patient is not annoyed by it. 


Case VII: Miss B e, aet. 16. Admitted to the Johns Hopkins Hospital 
March 25, 1904. About three months ago patient noticed that her neck on 
both sides was swollen and believed the swelling to be due to “cold.” The 
“puffiness” soon subsided, leaving “‘knots” in its place. These have grown 
rapidly ever since. There has been no pain nor tenderness and, patient be- 
lieves, no loss in weight; she confesses to some loss of strength. The voice 
has become husky. Patient is becoming drowsy and has tendency to sleep 
continually. No cough. 

Exam.: On both sides of the neck are large masses of discrete glands vary- 
ing in size from a pea to a madeira nut. Together they would probably equal 
a cocoanut in volume. Left axilla contains six or seven glands; the right seems 
free. The left epitrochlear is palpable. No enlargement of glands of groin 
or popliteal space. No masses to be felt in abdomen. Spleen not palpable. 
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Tonsils markedly enlarged. Circumference of neck at level of hyoid bone 
34cm. On the back of the right hand is a scar from incision for the removal of 
a small growth, beleived at the time to be a ganglion, but which proved to bea 
solid mass. There is now an elongated, semi-fluctuant swelling apparently 
connected with the tendon sheaths. A small gland removed for diagnosis 
proved to be tuberculous. It was proposed to patient and her friends that the 
out-of-door treatment be tried and, in case it failed, operation be undertaken. 
The patient being indisposed to undergo the rigorous out-of-door life, Dr. 
Follis, the house surgeon, excised, with cocaine, the tuberculous glands of the 
left neck and left axilla. 

April 10, patient discharged, having promised to live systematically out-of- 
doors. Wound healed per primam. 

Readmitted May 12, 1904. Since discharge patient has lived out-of-doors, 
day and night, without interruption. Though she has had only one month of 
this treatment, the glands on the right side of the neck have almost entirely 
disappeared. Only one can be felt and that exceedingly small. On the back 
of the left hand, however, at the site of the old scar and running along the ten- 
don sheaths there is evidence of a tuberculous process. 

May 13. Excision of tuberculous tissue about the extensor tendons over the 
left wrist and dorsum of hand by Dr. Follis. The disease was found to be 
quite extensive. 

June 6. Patient discharged. Condition excellent. No enlargement of 
glands of neck. On the operated side, however, is a keloidal, disfiguring scar. 


Case VIII: M——-s, aet. 25. Admitted April 11, 1904. Tuberculosis of right 
knee. About three years ago, after prolonged standing, experienced first 
pain in the right knee. He was treated for acute rheumatism for six months, 
the knee joint being aspirated 25 times. The fluid withdrawn was dark and 
turbid but never bloody. On one occasion an injection of carbolic acid solu- 
tion (1-16) was used. Patient’s knee gave him little trouble apparently until 
September, 1903. 

Exam.: Joint much enlarged. Patella floating. No redness, heat nor 
especial tenderness. Leg can be flexed to about a right angle. April 13, 
tuberculin administered. Marked local and general reaction. April 25, 
arthrotomy, under ether, by Dr. Follis. A considerable amount of purulent 
looking tuberculous fluid was evacuated and the joint thoroughly irrigated with 
a solution of bichloride of mercury (1-10000). The capsule was found thick- 
ened and oedematous, but there was no evidence of bone foci nor destruction 
of cartilage, nor caseous tissue. On June 4 Dr. Follis persuaded patient to go 
to Saranac Lake in the Adirondacks, and arranged for his admission to Dr. 
Trudeau’s Sanatorium Discharged to-day. 


April 11, 1904, patient readmitted to hospital. Since his discharge-he has 
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been continuously at Saranac Lake. The knee has been fixed in a leather 
splint. Patient has gained ten pounds since leaving hospital. He has no 
cough nor night sweats and appetite is good. 

April 14, two milligrams of tuberculin administered, followed by severe 
reaction. 

Examination of Knee: The joint is spindle-shaped, there being considerable 
atrophy of the thigh muscles. The patella is movable and there is little or no 
fluid in the knee joint. There are no points of especial tenderness on pressure 
but attempts to flex the joint beyond perhaps 15 degrees cause great pain. The 
findings are somewhat disappointing but patient is not discouraged and agrees 
henceforth to live out-of-doors at night, as well as in the day time, at his home 
in Montgomery, Alabama. Discharged March 18. 

October 16, 1905, patient readmitted to the hospital. Since March he has 
lived out-of-doors night and day in Montgomery, Alabama, and has noticed 
from the beginning gradual improvement in the condition of the knee joint. 
He looks in robust health, has had no pain in knee or elsewhere. Has used 
crutches and a leather splint. Exam.: The knee seems perfectly cured. Flex- 
ion is permitted without any pain to an extent almost normal. Except for 
the scar and the barely perceptible fulness in its neighborhood, for which the 
scar is probably responsible, the joint in appearance is perfectly normal. 

October 13, two milligrams of tuberculin are followed by sharp reaction, the 
temperature arising abruptly to 102°. 


Case 1X: Miss ——n, aet.17. Consulted me last March. Below the parotid 
in the common situation on the jugular vein was a mass of matted glands, 
larger than a big lemon. They had increased in size rapidly during the few 
weeks prior to this consultation. Not wishing to alarm the young lady un- 
necessarily, I did not give tuberculin at once but sent her to the seashore with 
a skilled attendant for out-of-door treatment. In about a month she returned 
for inspection. The mass had increased in size and become fluctuant in the 
most prominent part, and the skin over it was inflamed and at one spot slightly 
thinned. Tuberculin administered was followed by a sharp reaction. About 
to sail for Europe, I doubted very much the wisdom of postponing operation, 
and debated the matter in my mind for several days. Argument: If an opera- 
tion were performed, it would not make the out-of-door treatment unneces- 
sary or even shorten it. If the skin should break, the resulting scar would be 
much less than the operative one. The rupture of the abscess would not be 
attended with any bad results, nor would it, that we know, prolong the open 
air treatment or create local conditions less likely to respond to this treatment 
than if the skin were unruptured. If ultimately an operation should be re- 
quired, it would almost surely be of less magnitude and at a time when the 
patient was more robust. Moreover, it transpired that our patient had, at the 
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seashore from which she had just returned unimproved, lived only five or six 
hours daily in the open air. So we decided to give the open air a fairer trial. 
She went to the coast of Maine and lived out-of-doors day and night for about 
four months. A few days ago, on her return to town, I examined her and to 
my joy found that only one of the enlarged and inflamed glands was palpable 
and this no larger than a French bean. The redness of the skin had entirely 
disappeared and I do not believe that any one, from the appearances, could 
have designated the side which had been affected. To surgeons whose daily 
bread not long ago was tuberculous glands of the neck (Cohnheim), such a resolu- 
tion foretells a revolution in treatment. 


Cases X and XI: Two cases of tuberculosis of the urinary bladder, adult males. 
Operated upon by the author at the Johns Hopkins Hospital in 1892 and 1893. 
In one the entire mucous membrane of the bladder was thickly studded with 
tubercles; in the other the involved area was small and the disease incipient. 
Both cases have been kept constantly under observation since their discharge 
and both are in good health. The one with the severe and extensive lesions 
was able to lead the out-of-door life quite constantly. Heis well. The other, 
with the comparatively trivial lesions, has trifled with the treatment and is 
not perfectly well, although very much better than when he was operated upon 
about 15 years ago. The histories of these cases are not at hand, so I am un- 
able to report them in full and to give exact dates. 


THE MORE COMPLETE HISTORIES OF THE FIRST FOUR CASES 


Case I: In February, 1890, the writer was summoned to see Mr. ——n, who 
at the time was so ill that his life was despaired of by his relatives. The pa- 
tient, aged 28, received a severe fall when 3 years old, to which was attributed 
the illness and spinal curvature, which thereafter speedily developed. At the 
age of 14, incident to a second fall on his back, an abscess developed rapidly 
and discharged, in the right groin. It soon closed, but only to reopen and close 
again at intervals ever since. In the winter of 1888 and 1889 abscesses ap- 
peared and opened spontaneously in the left groin and above the crest of the 
left ilium. Thereupon the patient’s health declined rapidly until March, 
1890, when my first visit was paid him. 

At this time he had sharp lower-dorsal kyphosis, an enormous liver and three 
sinuses, one on each side below Poupart’s ligament, and one above the crest of 
the left ilium. For several weeks the patient, considerably emaciated, had 
experienced chilly sensations, and occasionally a real chill, with high fever. 
He was evidently suffering from retention under tension of the products of 
inflammation, which, I believed, from rather'indefinite symptoms, would point 
over the right ilium. As he was very feeble and exceedingly nervous, as the 
indications for immediate operation were not perfectly clear, and as-his life 


an 


386 W. S. HALSTED 


at home involved considerable excitement, I urged him to go at once to Sara- 
nac Lake in the Adirondacks, intending to visit him later and to liberate the 
pus if the symptoms should persist. It required very little argument to con- 
vince this highly intellectual and accomplished man that it was well worth 
while to make the experiment. He was transported on a bed in a private car 
from Baltimore to Saranac Lake; this patient was a pioneer, and possibly the 
very first case of bone tuberculosis deliberately treated by the open-air method. 
In the Adirondacks, attended by an excellent masseur, he Jived in a tent, and 
almost immediately after arrival an improvement in his general condition 
began, although there were periods when the daily fever would be considerable. 
In October, 1890, I visited him at Paul Smith’s where he had located his tent, 
and performed a slight operation to liberate the pus on the right side above the 
crest of the ilium. Two years, with occasional visits to his home in Baltimore, 
were spent in the Adirondacks. In this time the patient was literally trans- 
formed in appearance. Weighing less than 100 pounds on arrival, he gained 
nearly 40 pounds from April, 1890, to November, 1891, and on his return to 
Baltimore he affirmed that he had never felt better in his life. His good health 
continuing, he became engaged, and in about two years he married. After 
his marriage he spent a part of two or three winters in the Adirondacks with 
great benefit to his health. Occasionally I found it necessary to dilate one or 
more of his sinuses in order to liberate their pent-up discharges. On the 20th 
of July, 1902, the patient died, the immediate cause of death being an exacer- 
bation of the nephritis, which had existed for 12 years at least. The liver, 
which was very large and extended below the umbilicus at my first examina- 
tion, steadily increased in size during the subsequent twelve or thirteen years. 
In the last four or five years of his life he suffered on two or three occasions from 
attacks of acute nephritis, precipitated apparently by the toxaemia resulting 
from obstruction in one or other of the sinuses. 

This was a life clearly rescued and prolonged by the Adirondacks and Dr. 
Trudeau. This patient had such confidence in the ability of these mountains 
to restore him at any time that he lived not only a most unhygienic but actually 
reckless life at home, repairing to Saranac Lake only when his condition suff- 
ciently alarmed him. Three superb children survive him to bless the Adiron- 
dacks and the physician there who made their introduction to this world pos- 
sible. Consideration for his wife and children, he often told me, would not 
permit him to make his home in the Adirondacks. A few days after his death 
his sister wrote me that “of the large circle of acquaintances made in the 
Adirondacks, only one of those who were suffering with tuberculosis is alive 
to-day. My brother, although apparently the illest of all, survived them. In 
other words, I believe the treatment promises more for bone trouble than for 
pulmonary tuberculosis.” I quote this, of course, merely to give the impres- 
sion of an intelligent lay-observer. That this patient could have been rescued 
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elsewhere than in the Adirondacks is quite likely, but having tested the moun- 
tains of Virginia, the sea coast of New Jersey and Maryland, he had faith 
only in the Adirondacks. One Christmas about two years after his introduc- 
tion to the Adirondacks he returned to Baltimore and, though wearing a heavy 
overcoat on a mild winter day, complained bitterly of the cold. “I am wear- 
ing to-day an over-coat for the first time this winter,” said he, “although the 
thermometer has been as low as 20 degrees below zero in the Adirondacks. 
Up there one is insensitive to the severest cold, but here one shivers on a mild 
day.” His masseur walking with him had already made the same remark 
to me. 


Case II: Miss ——n, aet. 15. consulted me for the first time in February, 1893. 
For about 18 months she had suffered with pains in her right hip and knee. 
Tuberculosis on both maternal and paternal sides was conspicuous in the fam- 
ily history, but the patient had been perfectly healthy until the onset of the 
present trouble. Examination: Right thigh much flexed and slightly ad- 
ducted. All motions of hip joint greatly restricted. There was so much ful- 
ness about the right hip that an abscess was suspected, and a needle aimed at 
the joint was readily introduced into a space believed to be or to communicate 
with the joint cavity. The point of the needle could be removed freely as if in 
an abscess, and from one and a half to two ounces of a glycerine emulsion of 
iodoform was at the next consultation injected without meeting resistance. 
Patient was kept in bed in a large, freely ventilated room, with extension, from 
February until June, 1893. During these four months, five or six iodoform 
injections were made. After the first two or three injections it was difficult to 
find the abscess cavity. A light Bruns splint was applied and, faithfully 
following my urgent advice, the patient lived out of doors thenceforth; exten- 
sion was kept up at night. For the ensuing five years she spent from six to 
eight hours daily in the open air. The summers of these years were lived in 
the low mountains near Wilkesbarre, Pa. Patient’s general health was fairly 
good most of the time, but she was far from robust, and her appetite was un- 
satisfactory. The eight or ten pounds which were gained each summer in the 
mountains of Pennsylvania were lost in the winter. 

In June, 1898, patient was admitted for a few days to my service in the Johns 
Hopkins Hospital, for measurements and a skiagraph. The summer of 1899 
was spent at Jamestown, Rhode Island. No gain in weight was made at the 
seashore and patient returned to her home near Baltimore unimproved, and 
out of conceit of the seaside. In January, 1900, patient was again admitted 
to the Johns Hopkins Hospital for careful examination subsequent to a period 
in which greater liberties in walking had been permitted. It was deemed wise 
to make an exploratory incision before permitting patient to dispense entirely 
with her crutches. The result of this operative examination was most satis- 
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factory. The head of the femur had been entirely absorbed but the neck was 
intact and perfectly normal, its free end occupying the remains of the aceta- 
bulum. A narrow, deep groove was cut anteriorly into the neck for its entire 
length but not the slightest evidence of disease was discovered. The slight 
shortening which had been observed on Bryant’s line was evidently due solely 
to the loss of the head of the femur. The capsule of the hip joint was intact 
and motion between the articulating inner end of the neck and the acetabulum 
was remarkable in its freedom. Nature had accomplished what a surgeon by 
operation could not possibly have done. The surgical operation, even the most 
conservative, is necessarily destructive, unless nothing more is attempted than 
the removal of inflammatory products or of tissues already destroyed. Patient 
was discharged February 7, having been detained in the Hospital, after the 
operation, only 2-1/2 weeks. 

January 8, 1900, the day before the exploration of the hip, the red blood 
corpuscles were 3,250,000; the white 6,000, the haemoglobin 52 per cent. 

January 28, ten days later, and nine days post-operation, the haemoglobin 
was 65 percent. February 3, haemoglobin, 65 per cent. 

Comparing the measurements made by me in June, 1898, with those made 
independently by my house surgeon, Dr. Cushing, 18 months later, it is in- 
teresting to note that the relative differences are precisely the same. This 
would indicate that the disease had made no progress whatever and that the 
measurements were exceedingly accurate. 


June 7, 1898. Measurements by W. S. Halsted. 
Apparent difference in length of the legs, none. 


From anterior superior spine to trochanter, on projected vertical line, 
Left Right 


(b) Ant. sup. spine to int. malleolus....................4. 83.9 cm. 80.9 cm. 
(c) Top of trochanter to ext. malleolus.................... 84.1cm. 81.0cm. 


January 17, 1900, two days before the exploration of the hip. 
Notes by H. W. Cushing. 
Apparent difference in length, none. 


Left Right 
Trochanter to ant. sup. spine (Bryant’s line)............... 4.5 cm. 4.0 cm. 


No muscle spasm. Internal and external rotation only slightly limited if 
at all. Extension to straight line and flexion permitted to 45 degrees or more, 
notwithstanding the prolonged fixation of the joint. 

The measurements, all of them (a, b, c, d), indicate abduction, particularly 
(b) the measured difference from ant. sup. spine to internal malleolus and (c) 
the difference in the actual length of the entire extremity. The apparent 
upriding of the right trochanter is in part due to the abduction. That there is 
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so little measured difference (0.5 cm.) in the length of the femur, notwithstand- 
ing the growth of the patient, might suggest a thickened right trochanter. But 
the loss of the head of the femur, together with the abduction, should suffi- 
ciently account for the 1.9 cm. shortening in Bryant’s line. How shall we in- 
terpret the fact that the difference (3 cm.) in the length of the lower extremities 
is almost entirely in the leg unless we assume that the disease stimulated, as it 
sometimes does, the growth of the bone on its confines? The circumference of 
the calf was the same on the two sides, whereas there was a difference of 4 cm. 
in the circumference of the thighs, fifteen centimetres above the patella. The 
shortened leg was larger and the atrophied thigh was longer than expected. 

From the Hospital the patient went to the Adirondacks for five weeks and 
while there gained eleven pounds. She learned for the first time the true mean- 
ing of living-out-of-doors and was so conscious of the great and prompt bene- 
fit received that she regretted the long doubtful years lived on the piazza at 
home. It is but just to myself to state that at the first consultation and often 
subsequently I had suggested and even urged the Adirondacks, but was un- 
able when questioned as to the relative merit of localities to affirm that the 
Adirondacks alone promised relief, or more certainly promised it than the 
mountains elsewhere. I could only answer that the Adirondacks had been 
tested more thoroughly and more scientifically than any other region in this 
country and, what was most important, the patient residing there would be 
under Dr. Trudeau’s supervision and would learn to lead the proper life. 

On her return from the Adirondacks the crutches were abandoned, and our 
patient promptly found great enjoyment in life, riding, driving, walking, danc- 
ing and indulging freely in the pleasures of society. Finding the out-of-door 
life irksome and incompatible with the new life, into which, after the long 
confinement, she was entering so naturally and with so much relish, the hours 
on the piazza became fewer and fewer until finally in the winter (1900-01) 
there was none. Day after day and night after night during this winter our 
patient’s strength would be tested to the extreme limit of endurance. The 
summer of 1901 was, in greater part, passed in Maryland. About the first 
of December (1901) I was consulted concerning a little swelling and a little 
stiffness about the right wrist joint, which had been observed for about two 
months. Tuberculosis of the tendon sheaths being diagnosticated, our pa- 
tient, who had lost in weight and strength, was at once admitted to the Johns 
Hopkins Hospital and promptly operated upon. 

There was much oedema of the tendon sheaths. Fresh, translucent tuber- 
cles thickly studded the connective tissues and muscles of the forearm, par- 
ticularly the tendon sheaths, from the palm of the hand to the upper third of 
the forearm. A very careful dissection of the tissues involved and excision of 
the disease was made. December 18, about two weeks after operation, the 
patient was discharged, and about January 1, 1902, eagerly started for the 
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Adirondacks. Arrived at Saranac, she began to improve in health immediately 
gaining 16 lbs. in the first month. The remainder of this winter and the fol- 
lowing spring were passed at Saranac, the best of health being enjoyed. The 
summer was spent in the Austrian Tyrol. 

April 8, 1905. Patient has enjoyed perfect health, almost without interrup- 
tion, since her return to the Adirondacks in January, 1902. For the past 25 
years she has lived at her country home, near Baltimore. To-day she is the 
picture of health. The affected forearm, wrist and hand present a normal 
appearance, except for the scar, and perform their functions quite normally. 
Patient would be rarely reminded of the fact that her right hip joint was once 
the site of serious tuberculous disease were it not for a very slight limp sug- 
gesting the use of a cane when she is tired. 

This case teaches us that time is of great importance in the treatment of 
tuberculous joints in fast-growing children, because of the shortening which 
results, particularly from disuse. In this case the shortening from disease 
represented by the difference on the height of the trochanter, is only 0.5 cm. 
whereas the difference in length of limb from trochanter to malleolus is 1.25 cm. 


Case III: Mrs. ——d. First consultation March 16, 1894. Married two 
years before at the age of 26. 

In November, 1894, lost a sister, aet. 36, of pulmonary tuberculosis. 

About the first of March, 1894, patient “felt a slipping sensation” in the 
right knee. History of traumatism could not be elicited. She at once con- 
sulted the late Dr. Dabney, Prof. of Medicine in the University of Virginia, 
and by Dr. Dabney was referred to me. 

Exam. March 16, 1894. A delicate looking, very slender, nervous and emo- 
tional young woman; and always enjoyed good health until about two weeks 
ago when she began to worry about her right knee. There is slight limitation 
of motion; a little disability; some fluid in the joint; and apparent thickening 
of the capsule; two or three typical tender points. The lungs and other or- 
gans are reported normal. Diagnosis, tuberculosis of the right knee. 

I advised Dr. Dabney to fix the knee in plaster and to make iodoform in- 
jections into the joint, and urged the patient to lead, at her home in the south, 
the Adirondack life which I described to her. Four injections were made by 
Dr. Dabney from April 7 to May 18. 

June 15. Second consultation. Finding the knee unimproved, I advised 
change of residence to the mountains, preferably the Adirondacks. Moun- 
tains nearer home, altitude 1900 ft., were visited because residence in the Adi- 
rondacks was not feasible at this time. Dr. Dabney made a fifth iodoform in- 
jection, June 20, and a sixth, July 12. In August he died. The 7th, 8th, 9th 
and 10th injections were made by me in Baltimore in October and November, 
1894, and January and March, 1895. About October, 1895, I advised resec- 
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tion of the knee, as the disease was advancing, as the patient’s health was 
becoming decidedly impaired, and as a winter in the Adirondacks was deemed 
impossible by the patient and her husband. Patient returned to Baltimore 
November 4, 1895, for operation. For two or three weeks patient had coughed 
occasionally. November 5 I carefully examined the lungs and feared that 
both apices were becoming involved. November 6 a second examination 
confirmed my fears. The operation was consequently postponed and the 
patient urged to go at once to the Adirondacks. November 8 she expectorated 
a little blood just before starting for the Adirondacks. At this time her weight 
was 86 pounds. Her normal weight was about 104, and her greatest weight 
112 pounds. 

Soon after her arrival at Saranac Lake, Dr. Trudeau made several careful 
examinations and feared that the disease, although incipient, was rapidly ad- 
vancing and gave an unfavorable prognosis. For several months there was 
no improvement but the patient held her own and finally began to gain in 
weight and in August, 1896, weighed 95 pounds. She then felt compelled to 
leave the Adirondacks, contrary to Dr. Trudeau’s advice and my earnest solici- 
tations. I suggested the higher mountains of Western North Carolina as an 
alternative, but patient was so much encouraged that she decided to go again 
to the mountains nearer her home in Virginia. Slowly but certainly losing 
ground, she eventually, in October, 1897, went to the Western North Carolina 
mountains. Having learned in the Adirondacks how she should live and 
what the out-of-door life meant, she lived out-of-doors in all weathers faith- 
fully, and became very fond of the life. 

In September, 1898, I found great improvement both in her general health 
and in the condition of the knee. Early in 1899 the patient’s casts were dis- 
continued. In May, 1899, patient located permanently in Hendersonville, 
N. C. The altitude of her private residence there is about 2250 ft. Her 
weight at this time was 97 pounds. Full of hope of ultimate recovery she 
visited, without my consent, her relatives in Virginia in January and February, 
1900, and as she wrote me, “‘lost considerable ground.” On returning to Hen- 
dersonville, it was two or three months before she regained what she had lost. 

In November, 1900, I had the pleasure of seeing my patient and finding her 
general condition somewhat improved and her knee disproportionately so. 
January, 1901, patient writes that the knee is surely becoming less stiff. 

A little later patient ventured, against my most urgent warning, another 
visit to her home in Virginia, to see her aged mother whose health was not good. 
She had an attack of “pleurisy” while at home and only with difficulty could 
return to Hendersonville. i 

Some months later (January, 1903), she writes from Hendersonville that 
_ She weighs only 85 pounds, that her “health is extremely frail,” but that the 
knee is “‘vastly improved.” She “‘can bear some weight on it” and goes “‘about 
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the house with only one crutch.” “Creaking and grating in the joint if exer- 
cised still noticeable to sense of hearing and touch. Motion very nearly 
normal.” 

September 28, 1903. Met my patient, by appointment, on a railway train 
and examined the knee joint. In appearance the joint, except for a very 
slight fulness on either side of the ligamentum patellae, showed nothing ab- 
normal; the patient flexed and extended her knee rapidly and without the least 
apprehension. Flexion of the left or sound knee could be carried only 5 or 6 
degrees further than that of the right. There were no tender points. That 
such a restoration of function could take place in this knee, at one time so 
seriously involved, I would have believed hardly possible. It was the more 
remarkable because the patient’s general health was very poor indeed. She 
was highly neurotic, suffering from tongue and stomach neurosis, and weighed 
only 76 pounds. I had no opportunity to examine the lungs, but was assured 
that she had neither cough nor expectoration, and rarely if ever had a night 
sweat. Her respiration was not rapid as she sat quietly in the car, nor was 
there anything in the voice or facies to indicate implication of the lungs. 

There can be little doubt that this patient’s life was saved by the Adiron- 
dacks and the North Carolina mountains. She believes that she gained more 
rapidly in the former than in the latter region. The almost disastrous results 
of the two trips to her home in Virginia were probably not due so much to the 
journey, which was not a long one, as to the change of residence, for she had 
repeatedly taken hard all-day drives in the mountains without demonstrable 
evil effects. 

How remarkable, too, and significant, is the observation that notwithstand- 
ing the gradual and great loss of strength and weight, the tuberculosis process 
in both the knee and the lungs was not only arrested but has left no sign. 

Under Dr. Thayer’s care this patient has gained more than 20 pounds within 
a few months; he is unable to find a trace of the pulmonary disease which at 
one time was so active as to seriously menace her life. 


Case IV: Surg. No. 13,010. Miss——l. <Aet. 38. First examination Febru- 
ary 7, 1902. 

Family History: Father and mother living. One uncle and one aunt on 
mother’s side died of pulmonary tuberculosis. A sister had a discharging 
sinus from one hip, but was cured while still a child. Digestion has never been 
very strong, and, until eight years of age, patient could not eat breakfast 
without vomiting immediately. At 12 years her stomach performed its func- 
tions fairly well, but patient has always found it advisable to be abstemious. 
Has never had a chronic cough nor haemoptysis, nor observed any unusual 
shortness of breath. A year ago could mount ordinary hills on a bicycle with- 
out fatigue. Menses have always been regular. Has had hay fever for eight- 


RESULTS OF OPEN-AIR TREATMENT 393 


een successive summers. Several of the finger joints and one ankle are en- 
larged from “chronic rheumatism.” 

Present Illness: Five months ago, in September, 1901, making a false step, 
patient fell backwards, down three steps, striking the left hip. A slight 
subcutaneous extravasation of blood appeared over the left trochanter, and 
for about a week this bruised spot was tender. There was no limp nor pain 
on walking and the incident was for the time forgotten. But about January, 
1902, the left hip seemed a little stiff and occasionally felt slightly sore. These 
symptoms the patient tried to dissipate by walking. After about a week’s 
exercise of this kind a tenderness over the trochanter manifested itself. Im- 
provement followed two days’ rest in bed, but when walking was resumed the 
discomfort returned. The pain, described as being dull, to use the patient’s 
words, would “run from hip to knee,”’ and was usually worse at night; “‘it felt 
as though a cord were stretched too tightly from the hip over the knee.” A 
few weeks before admission a decided limp manifested itself. Patient has never 
been awakened by sharp pains at night, has never had night sweats, but for 
the past month has been conscious repeatedly of chilly and feverish sensations. 
For a year past her health has been a little below what she considered normal, 
her appetite has been impaired, she becomes readily fatigued, and has lost a 
few pounds in weight. 

February 12, 1902. Physical Examination: Patient is a slender, delicate 
looking woman, but is tall, erect and well formed. Thorax and abdomen 
negative. The inguinal glands are very slightly enlarged on both sides. The 
Hips: Inspection reveals a very slight apparent shortening of the left leg, 
possibly 0.5 cm., and little else. The back is flat and there seems to be no 
abnormal flexion of either hip. 


Measurements of the House Surgeon: 


Ant. Sup. Spine Trochanter Ant. Sup. Spine 
to Ext. Mall. to Mall. to Trochanter 


The 0.5 cm. difference in the length of Bryant’s line, if correct, I believe to be 
due, in part at least, to the abduction of the right and adduction of the left leg. 
All the motions of the affected left side seem to be normal if they are made 
gently and with suitable traction. Even sudden motions are not definitely 
resisted except abduction and extreme adduction and internal rotation. Flex- 
ion and extension are perfect. Hyperextension seems about equal on the two 
sides. 

Except for the apparent shortening (adduction) the slight rigidity of the 
adductor muscles, and the tenderness over the trochanter, there are no defi- 
nite signs of irritation in or about the left hip joint. There seems to bea little 
thickening of the left trochanter. ' 
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Measurements made by the writer differed in no essential particular from 
those given above. To determine accurately the distance from the top of the 
great trochanter to the malleolus a tape measure seems to the writer to be 
unreliable because one cannot make proper allowance for the distance the 
muscles permit one’s finger on each side to press in over the trochanter toward 
the digital fossa. With a wooden measure, which we have constructed some- 
what on the plan of the shoemaker’s foot rule, this source of error is excluded. 

April 11, 1902. Examination by Writer: (a) Apparent shortening 1.3 cm.; 
gluteal fold 1 cm. lower. (b) From spine to top of trochanter no projected 
vertical line (Bryant’s) no shortening. (c) From anterior sup. spine to ext. 
malleolus no shortening. Measurement (c) is explained by the adduction (a). 

Rotation out 6°-7° less on left than on right side. Rotation in about 4” 
less on left than on right side. Adduction very slightly restricted, hardly 
demonstrable; rigidity of adductor muscles. Flexion and extension normal. 
Possibly slight impairment of hyperextension. Exceedingly indefinite reac- 
tion to 2 and 4 mgm. of tuberculin. After 9 milligrams of tuberculin the tem- 
perature rose to 101°F. and patient complained slightly of headache and 
general malaise. The tuberculin at this particular period happened to be 
weaker than usual, and 9 mgm. was a not uncommon dose. Patient was 
discharged to-day having been under observation for 63 days. Treatment 
extension by weights and pulley at night and brace during the day. The days 
were passed on the bridge. Patient intended to continue in all its details the 
treatment instituted. This she did most conscientiously and intelligently 
under the care and heartiest codperation of Dr. Joseph S. Miller; but as she 
has since then repeatedly assured me, she had no conception of the true out- 
of-door life as it is lived in the Adirondacks under Dr. Trudeau’s supervision. 

October 30, 1902. Readmitted to Hospital for examination. Since first 
visit has had very little pain in hip in the day time but at night has been oc- 
casionally awakened by it, particularly by sudden jerkings. 

Exam.: November 6, 1902. The motions at the hip joint are decidedly less 
free than at first examination, 8 months ago. Flexion, which was then about 
normal, is stopped at 85 degrees. Rotation in both flexed and extended po- 
sitions is much restricted, particularly rotation outwards. There is pronounced 
spasm of the adductors now, whereas at first rigidity was barely demonstrable. 
The trochanter is more sensitive to pressure, particularly behind just below the 
posterior superior angle and along the posterior surface. The circumference of 
both thigh and calf is 6 cm. less on left side. Four milligrams of tuberculin 
produced marked general reaction and a temperature of 102°F. The change 
for the worse in the local and also general condition is so definite that our pa- 
tient decided, without hesitation, to go at once to the Adirondacks. 

March 20, 1903. Readmitted to the Hospital for examination after a winter 
in the Adirondacks. The change in patient’s general appearance is very 
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striking, although she had gained in weight only five pounds. From the ap- 
pearance of her face and neck and body I was quite sure the gain in weight had 
been greater. Patient’s voice is stronger, and her flesh much firmer. There 
has been of late no pain whatever in the hip and rarely any discomfort. 

Measurements: Apparent shortening, 0.5 cm. Flexion permitted easily to 
right angle is checked only by stiffened knee. Inward rotation about equal 
on the two sides. Outward rotation less by 3-5 degrees on affected side. 
Abduction limited about 2 degrees. Adduction same on both sides. There 
is no fixed flexion. No riding up of trochanter; indeed it is a little lower per- 
haps (adduction) on the left side. Hyperextension not permitted. 

November 15, 1904. The 18 months since the previous examination have 
in greater part been spent in the Adirondacks. Six of these months, lived at 
home, seemed to result in no improvement, although patient faithfully carried 
out the Saranac régime. The local improvement is so definite that I have 
decided to permit patient to discard the brace and to walk a little on the 
affected leg, notwithstanding a definite reaction both general and local to two 
milligrams of tuberculin. The rise in temperature, however, was very little, 
only to 100.5 degrees and sustained for less than 2 hours. It then dropped 
promptly to normal. 

Examination: There is now for the first time no apparent shortening and 
only the slightest rigidity of the adductor muscles. The difference in the 
motions of the right and left hips is too indefinite to be recorded. Patient has 
complained a little of late of peculiar feelings in both hips, somewhat “‘rheu- 
matic” in character, and rather more pronounced in the right than left hip. 
During the past year she has had two or three rather severe attacks of indi- 
gestion. 

March 7, 1905. Since last examination and discard of the brace the patient 
has been getting on famously, notwithstanding a severe fall on the affected 
hip a few weeks ago. She has gained 3-4 lbs. in six months, which is a great 
deal for her. Altogether the gain in weight since patient first consulted me 
has been 17 Ibs. The entire three years, except the nights, have been lived 
out of doors. 

The crutches are now discarded and the patient is permitted to walk with 
only a cane. 


The lessons taught by the forecited cases, especially the later ones, 
can hardly fail to awaken positive enthusiasm in others as it has in us. 
The recent observations tinge, however, the retrospect with regret that 
we could not have foreseen the great advantage—I hardly venture to 
say necessity—of the night out-of-doors as well as the day. The cases, 
Nos. VII, VIII, and IX, which have made the most rapid strides, are 
those which have slept out-of-doors, and, curiously, happen to be those 
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which were not treated in the Adirondacks or any sanatorium. These 
are the only patients of the series who have spent the entire 24 hours in the 
open. In one, Case VII, one month of this life in Virginia sufficed to 
completely dissipate a large mass of tuberculous glands in the unoperated 
side of the neck. Case VIII, one of knee-joint tuberulosis, conveys, it 
seems to me, a very significant lesson. After a winter in the Adiron- 
dacks, the entire days out-of-doors, and a gain in weight of 19 lbs., little, 
if any, local improvement was demonstrable. It is quite likely, however, 
that we were unable to interpret properly or even discover the local 
changes. But after a few months, only three or four, of the night and 
day treatment in the heat of the midsummer in Montgomery, Alabama, 
complete recovery and almost complete restoration of function have 
taken place. Now, it seems to be a fact that most tuberculous patients 
who are taking the out-of-door treatment under advisement progress 
more rapidly in cold weather than in hot; and our patient tells us that the 
weather in Montgomery was hot, at times very hot, while he was there in 
the open night and day. 

In Case IX, three months of the 24-hours-a-day treatment, on the coast 
of Maine, dissipated a mass of actively inflamed and softened glands of 
the neck, the skin over which had rapidly reddened and thinned during 
the 6-hours-a-day treatment at the seashore further south. 

I shall say nothing about climate, nor even discuss the relative merits 
of localities. I am merely emphasizing the importance for some patients 
of the 24-hours-a-day out-of-doors. When thermometer registers 20 
degrees below zero a night out-of-doors is not an agreeable prospect, 
and may be a difficult problem; and so there might arise the question, 
is it better to have from eight to ten hours of the day in the openin a cold 
climate or twenty-four hours in a more temperate one. The advantages 
of a speedy recovery are so evident that they need not be urged. A 
rapidly growing boy with tuberculosis of the knee-joint might lose a great 
deal in the length of the affected limb unless the cure were rapidly effected. 
I have had such a case under observation. The proper treatment of 
this case was attended with such difficulties that I consented to a modified 
and less rigorous form of life out-of-doors. The disease made no prog- 


6 In the recital of Case III, describing the almost disastrous effects upon this patient of 
visits from the North Carolina mountains to her home, I may have conveyed the impression 
that a certain part of Virginia is unsuitable for tuberculous patients. But here the fatigue 
of the railroad journey, the excitement of seeing friends constantly, of living with relatives, 
and perhaps numberless little things may have been responsible for the serious interruptions 
of the convalescence. 
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ress and in less than four years seemed cured, but the boy had in the 
meantime grown perhaps 9 or 10 inches. The affected epiphyses had 
not kept pace with the normal ones on the opposite side and the boy has 
perhaps 5 inches shortening and incomplete mobility. If I could have 
foreseen such excessive growth or had known the merits of the twenty- 
four-hour day, I must have insisted upon the full time in the open. 

Furthermore, the prospect of years of treatment in a sanatorium, or 
away from home, or at home on a roof in the city, or simply camping 
day and night in the country, is dispiriting and not readily consented to 
by parents or friends. But a few months or a year of such a life, coupled 
with almost a guarantee of recovery might be anticipated with relish, and 
regarded as an outing combining duty and pleasure and immeasurable 
profit. 

I shall be much interested to learn the present views of Dr. Trudeau 
and others upon the relative value of localities. Several of my patients 
who had faithfully lived out-of-doors at home and abroad showed the 
first positive signs of improvement both general and local after a winter 
in the Adirondacks. Dr. Trudeau in one of his letters to me many years 
ago concerning my patients at Saranac exclaims: “The more I go, the 
more convinced I am that it is little use to merely tell people to live out- 
of-doors. They must be provided with accommodations which enable 
them to live out-of-doors easily and comfortably. Special buildings 
must be planned and constructed for the purpose. Some day you will 
have to carry into effect your plans for an infirmary for cases of surgical 
tuberculosis. These patients should sleep out-of-doors all night and 
live out-of-doors all day, being provided with every comfort and con- 
venience.” And several of my patients, after living awhile at Saranac 
Lake, have written to me that, notwithstanding the most detailed in- 
structions from me and from patients who had taken the Adirondack 
cure, they had not until then learned the true meaning of the real life 
out-of-doors. One should, if possible, have the benefit of the proper 
influences, of place, of people, and most important, of the true physician, 
in order to acquire the stimulus necessary to the faithful carrying out of 
the treatment. 

I should have the greatest confidence in the efficacy of massage in the 
treatment of these cases. c 

And as to the diet; is it necessary or wise to stuff our patients? A non- 
tuberculous individual is usually more vigorous if he is not over-fed. 
There is at least opportunity for the exercise of considerable discretion 
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in the matter of feeding. I have particularly in mind a wealthy child 
whose days were spent out-of-doors, and who developed tuberculous 
glands notwithstanding a huge appetite and the liberal indulging of it; 
and another, reported in this series, whose seriously involved knee and 
lungs recovered completely, notwithstanding a gradual loss of weight 
from 104 to 76 pounds. 

Tuberculin, which for nearly 14 years has been our main reliance for 
diagnosis, has never assisted us in deciding when to discontinue fixation 
and to permit use of the affected joint. A definite reaction could prob- 
ably be obtained to-day in all of our “cured” cases. We have in no 
instance failed to get this reaction when crutches were about to be dis- 
carded, and in two individuals it was prompter on release from the treat- 
ment than at its institution. 

That most cases of surgical tuberculosis will recover without operation 
if they are given a fair opportunity in the open-air, I am convinced, nor 
should I be surprised if it proved to be, in general, an easily curable dis- 
ease. My hardest task in the treatment of these cases has been to per- 
suade the relatives and friends and, alas, the physicians of the patients, 
of the necessity of taking so much trouble, of instituting a disturbance 
of the even tenor of the family’s existence or of involving themselves in 
such unanticipated expenditure. I have submitted the pros and parried 
the cons with the parents for hours, and until so weary of the battle that 
I have vowed never again to misplace so much energy. But interest in 
the subject, as great occasionally as in the particular patient, has usually 
stimulated a renewal of the attack. 

Unless acquainted with the lamentable results usually obtained in the 
treatment of cases such as those herewith presented one can hardly 
comprehend what has been accomplished by the open-air treatment of 
them and realize what assurance it holds for the future. How eagerly 
we should welcome an achievement which properly curtails the indi- 
cations for the practice of surgery, a therapeutic measure so crude and 
often so mutilative. In the multitude of cripples from the ravages of 
tuberculosis we find overwhelming proof of the inadequacy of past and 
present methods of treatment. How different is the story just related. 
In not one instance did the disease make the slightest appreciable ad- 
vance after the treatment was inaugurated. The restoration of function 
is perfect in all, save one (vid. Case II) and in this it is excellent. Had 
this patient been given the benefit of the night as well as the day out-of- 
doors, the treatment, begun in 1893, might have terminated in one 
year instead of seven. 
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The greatest interest is being manifested abroad in the fresh air treat- 
ment of children afflicted wthh surgical tuberculosis, but of its power for 
the cure of this disease there appears to be only a partial comprehension, 
the treatment consisting as a rule of a very free circulation of air through 
the wards in the daytime, but not at night. The importance of rapid 
cures has not been emphasized, nor has the possibility of such marvell- 
ously prompt results as the continuous out-of-door treatment furnishes 
been recognized. 

The work of Dr. John W. Brannan and his associates in establishing 
and conducting the Seaside Hospital for Children at Coney Island de- 
serves the greatest praise and encouragement. 

The surgeon’s duty is not done when he advises his tuberculous patient 
to live out-of-doors. He must, if the patient’s means permit and if other 
localities promise decidedly more than home, send him away and entrust 
him to a physician or companion who will assume the responsibility of 
insuring a continuous out-of-door life. 

Public opinion, which has compelled the skeptical physician to transfer 
his case of appendicitis to the proper surgeon, will soon hold the surgeon 
responsible for bad or even indifferent results in tuberculous disease of 
the hip, the knee, the peritoneum. 

The literature pertaining to this subject was admirably presented by 
Dr. Herbert L. Burrell in a discourse at the annual meeting of the Massa- 
chusetts Medical Society, June 10, 1903. 


DISCUSSION ON DR. HALSTED’S PAPER 


Dr. J. W. Brannan, New Vork: I feel greatly indebted to Dr. Halsted for 
this paper. Abroad this method of treatment of surgical cases has been 
followed for years, a prominent physician having founded a hospital in France 
for the open-air treatment of tuberculosis in 1862. At this hospital one op- 
eration as a rule was all that was found necessary. Asa result of this discovery 
a permanent structure was erected at Coney Island and children brought ‘ 
down there for treatment were kept absolutely out of doors except at night. 
In the autumn after they had been there for some months the results obtained 
were very remarkable. The French believe that it is the sea air and not neces- 
sarily the open air that does the work, but Dr. Halsted’s cases did not have the 
benefit of this sea air. In the autumn it was decided to set apart one wing in 
the hospital for the continuance of this form of treatment throughout the 
winter and up to the present time we have had children there. We feared 
that with the onset of the cold weather we could not enforce this treatment, but 
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fortunately we had a superintendent, a woman, who went up to Dr. Trudeau’s 
sanatorium and saw the methods in vogue there of keeping the patients out 
of doors all the year around. Upon her return she was convinced that we 
could do the same thing, and as a result throughout the winter the windows 
have been down all night, the temperature at times being down to 28°. For 
half an hour morning and night, while the children are dressing the windows 
are put down and the steam is on all the time. I will pass around photographs 
of some of the children who came there on their backs and are now walking 
about. Even those that cannot walk are wheeled out on the porch every day 
and I have never found one who said she was too cold. Each child is com- 
pletely clothed under the bedclothes and they also have hoods and mitts. I 
have been obliged to wear my hat in the wards, but the children would not be 
cold. I will pass around the photograph of a child with Pott’s disease, whose 
expression shows that she is a happy individual, which is the usual result of 
the treatment. The children are glad to get out of doors and they were 
playing on the beach about Christmas time before a bonfire. Eleven cases of 
hip disease with a total of 28 sinuses; 9 cases of Pott’s disease, osteitis of the 
knee, ankle, forehead and fingers; 35 joint and bone cases including 67 sinuses 
represent a part of the work done and some children who came down with 


sinuses now have none at all. 


Dr. Alfred Meyer, New York: I would like to know something about the 
use of tuberculin in the bone cases, as I understand it is said to do more good 
in tuberculosis of the soft tissues than in bone, and I would also like to know 
something of its method of administration. 


Dr. Wm. S. Halsted, Baltimore: We use Dr. Trudeau’s preparation and 
method, employing two milligrams to begin with in an adult and one milli- 
gram in children, increasing the second dose to four milligrams. A third dose 


is very rarely needed. 
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A CLINICAL TRIAL OF SANOCRYSIN IN PULMONARY 
TUBERCULOSIS! 


J. BURNS AMBERSON, JR., B. T. MCMAHON anp MAX PINNER 


In 1924 M@llgaard (1) published the results of his study of sanocrysin 
(sodium-gold-thiosulphate), and made claims that the substance has a 
specifically curative effect on tuberculosis. He believed that sanocrysin, 
introduced into the blood-stream, permeates tuberculous lesions and 
there kills many, if not all, of the offending bacilli. The resulting reac- 
tions, manifested most often by fever, albuminuria, erythematous erup- 
tions of the skin and loss of body weight, were interpreted as being due 
mainly to the liberation of toxins from the disintegrated bacilli and, there- 
fore, as being analogous to tuberculin reactions. The evidence was 
obtained from the observation of the action of the chemical compound 
on living cultures of tubercle bacilli, on the treatment of tuberculosis 
induced experimentally in goats, calves, monkeys and guinea pigs, and on 
the treatment of tuberculosis in man by various Danish clinicians. 
Exudative, not too acute, pulmonary lesions of early age, being more 
pervious than the fibrous type, were considered most responsive to treat- 
ment, although some urged including chronic cases also. To offset 
the ill effects, which might be serious or even fatal, an antiserum pro- 
cured from horses after injecting them with “defatted” formalin-treated 
tubercle bacilli was administered at the first sign of reaction, that is, the 
appearance of albuminuria. 

Following Mgllgaard’s work the drug was tried in human cases in 
many parts of the world, and various other gold compounds, some new 
and some old, received similar attention. These include allocrysin, auro- 
jakol, aurophos, aurosan, chimioaurol, crisalbine, gold chloride, krysolgan, 
lipaurol, lopion, neosanocrysin, neocrysol, phosphocrysol, solganol, sul- 
phocrysol, thiocrysin and triphal. The amount of gold in these com- 
pounds varies greatly; sanocrysin, being among the stronger in this 
respect, contains 37.4 per cent gold. 
1 From the William H. Maybury Sanatorium (Detroit Municipal Tuberculosis Sanatorium) 


Northville, Michigan. ; 
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Numerous clinical reports have been published betraying a wide 
difference of opinion as to the efficacy of sanocrysin. The present con- 
sensus seems to be that the chemical does not exert a specific bactericidal 
power in the diseased body, that, nevertheless, favorable responses some- 
times occur, and that the toxic properties of the drug compel serious con- 
sideration. The tendency has been more and more to regard some of 
the unfavorable reactions as symptoms of metallic poisoning rather than 
tuberculin-like shock; consequently, M¢llgaard’s antiserum has been dis- 
carded by most clinicians, and recourse has been had to smaller dosages 
of sanocrysin. Many now start with a dose of 0.01 to 0.05 gm., whereas, 
originally, as much as 0.5 gm. was given in the initial injection. The 
large dosage was based on Méllgaard’s original contention that the 
specific sterilizing effect on the lesions could not otherwise be expected. 
Secher (2), who was one of the first Danish clinicians to work with the 
substance, still uses the serum also. Although many of the Danes ap- 
parently retain much of their early enthusiasm, Gravesen (3) reflects 
some change in their point of view. He believes that excellent results 
with sanocrysin treatment are got in cases of recent exudative pulmonary 
tuberculosis,—lesions resembling most closely those dealt with in animals 
by M@llgaard; that little or no effect can be expected in fibroid and cavern- 
ous cases; and that the drug has a place in conjunction with artificial- 
pneumothorax treatment, particularly in arresting recent spreads in 
the functioning lung. 

An examination of some of the clinical reports does not seem to justify 
all the conclusions that have been drawn either for or against sanocrysin. 
Many so called control cases do not deserve such a designation, and vari- 
ous interpretations of clinical observations are open to question. It is 
difficult, indeed, in appraising a therapeutic agent for tuberculosis, to 
distinguish natural fluctuations of the disease from those induced by the 
substance or procedure under trial. The follow-up of large groups of 
cases during a period of at least five years after treatment usually yields 
valuable, if limited, information provided there is not too much disparity 
in the size of comparable groups. Another method is an intensive study 
of smaller, carefully selected, and closely comparable groups of cases, 
according to a prearranged plan. This also is satisfactory for limited 
purposes but requires special facilities and personnel. Neither of these 
methods have been applied very rigidly in the case of sanocrysin. 

Because none of the clinical reports submitted up to late in 1926 
seemed fully conclusive as to the value of the drug, it was determined to 
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conduct an intensive trial at the William H. Maybury Sanatorium 
(Detroit Municipal Sanatorium, Northville, Mich.?) The following plan, 
embodying what we consider to be the minimum of clinical, laboratory 
and X-ray observations sufficient to warrant any reasonable conclusion 
from such a study, was adopted before work was started. 


PLAN FOLLOWED FOR CLINICAL TRIAL OF SANOCRYSIN 


Selection of Cases: It was decided to start with a group of patients in 
good general condition, who would, therefore, not be likely to suffer ill 
effects from the drug. Accordingly, patients were selected who were 
free from severe constitutional symptoms and most of whom had been in 
the sanatorium for some time and were ambulant. Most of them had 
benefited to some extent by the routine sanatorium treatment, but the 
healing of their disease was slow and incomplete. The pulmonary tu- 
berculous lesions were chiefly of the exudative (bronchopneumonic or 
pneumonic) and mixed exudative-productive (fibrocaseous) types, these 
classes being favored because of the reports in the literature that better 
results are to be expected with these than with the purely fibroid or 
fibrocavernous cases. Preliminary selections having been made, the 
patients were assembled, the treatment was explained (except that no 
mention was made of a control group), and those who so desired were 
asked to volunteer. An ample number expressed their willingness to 
accept treatment, and were then given complete physical examinations. 

The 24 patients finally chosen were considered to represent exception- 
ally good subjects for the treatment. Not only did they conform to the 
above general standards, but they were also judged to be free from seri- 
ous complications. In all cases X-ray studies of the gastrointestinal 
tract were made by Dr. Walter I. Werner for the detection of tubercu- 
lous enteritis. 

On the basis of clinical, X-ray and laboratory findings the 24 patients 
were then divided into two approximately comparable groups of 12 each. 
The cases were individually matched, one with another, in making this 


2 A special fund to cover the expense of this work was provided by the Detroit Department 
of Health through Dr. Henry F. Vaughan, Commissioner. Adequate facilities, including a 
section of the infirmary were placed at our disposal by Dr. Bruce H. Douglas, Superintendent 
of the Maybury Sanatorium. Parke, Davis and Company, through Dr. A. W. Lescohier, 
Director of its Department of Experimental Medicine} furnished the sanocrysin that was 
used and volunteered its full codperation. The Medical Research Committee of the National 
Tuberculosis Association was also interested. A chemist was added to the laboratory staff 
to carry out certain studies of blood and urine. . 
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division. Obviously, the matching could not be precise, but it was as 
close as possible, each patient having previously been studied independ- 
ently by twoofus. Then, by a flip of the coin, one group became identi- 
fied as group I (sanocrysin-treated) and the other as group II (control). 
The members of the separate groups were known only to the nurse in 
charge of the ward and to two of us. The patients themselves were not 
aware of any distinction in the treatment administered. 

According to the National Tuberculosis Association classification 4 
patients in the sanocrysin-treated group were Moderately Advanced 
cases and 8 were Far Advanced; in the control group 7 were Moderately 
Advanced and 5 were Far Advanced. This apparent disparity in the 
two groups is explained by our belief that such a classification, which has 
to do only with the extent of the disease, is not in itself a proper basis of 
division of clinical groups in work like this. To organize two groups 
which are even approximately comparable it is necessary to give weight 
to the character as well as to the extent of the disease, and also to include 
other clinical factors in the final judgment of the cases. This principle 
is the one on which we worked. 

The original plan was to complete the course of treatment in these 24 
patients and then to proceed with the treatment of another larger group, 
the members of which would be suffering with clinically active disease and 
be presenting more severe symptoms. However, for reasons to be stated 
later, none but the original 24 was treated. 

Method of Observation: The clinical status of most of the 24 patients 
was well known from their preceding course in the sanatorium. How- 
ever, in order to observe conditions more closely, the patients were all 
put to bed for a month prior to starting any medication. During this 
month the data mentioned below were collected, and we were provided 
with uniform information from every case, which served as a basis of 
comparison later in judging results. The thirty days’ bed-rest was 
deemed important because this eliminated the variable effects of un- 
supervised muscular exertion which might have clouded subsequent 
observations. For the same reason and because more safety could be 
promised the patients by such care, bed-rest was continued throughout 
the treatment. 

The preliminary thirty days’ study was carried out in the following 
manner: 
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1: The chest was examined biweekly, particularly to determine any variation 
in the extent or distribution of the rales, the findings being described in the 
record. 

2: The chest was X-rayed (stereoscopic) at the beginning and at the end of the 
month and the films preserved, special notes of any changes being recorded. 
3: Careful records of the presence and clinical course of complications and 
symptoms were made. 

4: The sputum was weighed daily, and this figure was charted; also averaged 
at the end of the month. 

5; The sputum was examined microscopically every two weeks to determine 
the presence of tubercle bacilli. A method of sputum concentration and ani- 
mal inoculation was used routinely when indicated. 

6: Body weight was measured and recorded weekly. 


At the end of this preliminary checking the same routine was con- 
tinued during the period of the trial with the following modifications: 


1: Physical examinations were done more frequently, particularly to show, by 
noting variations in the character and distribution of rales, the presence and 
behavior of perifocal reactions. 

2: Stereograms of the chest were made monthly; oftener in cases showing rapid 
change. 


Laboratory Investigation: The urine was examined biweekly during 
the preliminary study, and weekly or oftener thereafter. Following 
sanocrysin injection daily tests for albuminuria, and microscopical 
studies were made. 

The following blood studies were done: /: The plasma proteins (al- 
bumin, globulin, fibrinogen) were determined quantitatively before 
treatment, at the end of treatment, and at the end of the period of ob- 
servation. The total nonprotein nitrogen, urea, uric acid and creatinin 
were determined before treatment and during treatment if albuminuria 
appeared. Ifno albuminuria appeared the total nonprotein nitrogen and 
uric-acid content of the blood were determined at intervals indicated. 
2: The sedimentation rate of the red blood cells was determined once 
monthly. 3: A routine count of red blood cells and estimation of 
haemoglobin was done before treatment, at the end of treatment, and 
at the end of the period of observation. 4: Monocyte counting was 
done as indicated below. ; 

Administration of Sanocrysin: Each patient receiving sanocrysin 
(group I) was started with 0.1 gm. of the drug, dissolved in 2 cc. of dis- 
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tilled water and injected into a cubital vein. At intervals of four days, 
unless contraindicated, additional injections were given, increasing by 
0.1 gm. up to 0.3 gm., and then increasing to 0.5 gm. The amount of 
distilled water was increased to 5 cc. when the dose of sanocrysin exceeded 
0.3 gm. The 0.5-gm. dose was then repeated until the course was com- 
pleted. The number of injections varied from nine to fourteen, and 
whenever there was a suspicion of a dangerous reaction the next dose was 
reduced, omitted or postponed. The total amount of sanocrysin ad- 
ministered to single patients varied from 3.1 to 6.1 gm., while the total 
amount per kgm. of body weight varied from 0.6 to 0.1 gm. The pa- 
tients treated as controls (group II) each received 14 intravenous in- 
jections of distilled water (2 cc. each) at intervals of four days. 


EFFECTS ON THE TUBERCULOSIS 


Temperature: Febrile reactions were not prominent features in any 
of the cases. The slight elevations of temperature of short duration 
frequently seen in convalescent phthisical patients were evidenced from 
time to time in members of both the treated and control groups. The 
appearance of skin rashes was usually accompanied by a mild febrile 
reaction, the maximum (case 5) being 100°F. In two cases (1 and 4) the 
rise in temperature did not occur until the day following the appearance 
of the skin eruption. Following the fourth injection, one patient (case 
1) had an evening temperature of 102°F., which gradually subsided and 
became normal in five days. We were unable to classify febrile reactions 
into types as noted by others. In the treated group, if the temperature 
was above normal on the day sanocrysin was to be administered, the dose 
for that day was either reduced, omitted or postponed depending on the 
degree of fever. 

Pulse: The pulse-rate was high in proportion to the temperature but 
not dissimilar to that which is usually seen in the course of pulmonary 
tuberculosis. In case 3 there was, prior to death, marked irregularity 
and pulse deficit; later a gallop rhythm developed before the pulse at the 
wrist became imperceptible. 

Lassitude: Lassitude and undue fatigue were present in four cases 
(1, 3, 4 and 10). It was quite marked in case 1 and accompanied by 
moderate fever, malaise and joint pains and gastrointestinal disturbances. 
It was not present in the control group. 

Body Weight: Patients undergoing sanatorium treatment usually make 
their greatest gains in weight in the first six months following admission 
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on account of the change from active life to the very sedentary regimen 
under excellent hygienic and dietetic conditions in the sanatorium. As 
they approach their normal weights they stay more or less stationary. 
The majority of the patients concerned in this investigation had been in 
the sanatorium for some time and all but 3 had made substantial gains 
in body weight, varying from 2 to 35.5 pounds. Consequently further 
large gains were not to be expected, but at the same time there was no 
reason to anticipate a marked falling off in the general nutrition. 


TABLE 1 


Showing changes in body weight in relation to treatment. The figures represent pounds; 
+ indicates gain; — indicates loss 


FROM BEGINNING OF SANOCRYSIN 
DURING THE COURSE OF SANOCRYSIN FROM DATE OF STOPPING DRUG TO TREATMENT DECEMBER 6, 1926, To 
TREATMENT JUNE 1, 1927 (ABOUT FOUR MONTHS) | END OF PERIOD OF OBSERVATION, 
JUNE 1, 1927 
Treated cases Controls Treated cases Controls Treated cases Controls 
—1} —23 +3 -1 +1} 
—4 +7 +1 +8 
—2 —i Dead Dead 
—4} —53* —6} —83* —11 —14}* 
—6 +3 —33 —3 —93 0 
0 +4 —11} +1} —114 +5} 
—5 +4} —5 
+23 +13 —4 —5 
+5% +16+ +12 +63 +17} 
—11} +53 +1 +1 —10} +63 
+14 +8 —24 +74 —1}. 
= —23 = 


Note: * Case 16: Loss due to complicating sinusitis. 

{Case 9: At beginning of treatment by sanocrysin had dysphagia and odynophagia from 
tuberculous laryngitis. Following treatment by the galvanocautery was able to swallow with- 
out pain or difficulty. 


Table 1 shows the changes in body weight of the individual patients 
in both the treated and control groups. 

As shown in table 1 ten of the treated patients lost weight. We con- 
fidently expected that they would promptly regain after stopping sano- 
crysin, but this was not so. In fact, additional losses were the rule. In 
case 9 the ability to eat without distress following cauterization of the 
tuberculous laryngitis seemed to account for the unusual gain. The 
behavior of the control group was that which is usually seen in tubercu- 
lous patients at bed-rest. Case 16 developed an infection of the left 
maxillary antrum; during this period the pulmonary tuberculosis re- 
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mained quiescent and we attributed the loss in weight to the complicat- 
ing sinusitis. The weight changes in the treated group were atypical 
of tuberculosis. They were in direct proportion to the anorexia and 
gastrointestinal disturbances resulting from sanocrysin. 

Cough: Cough was present in both groups in proportion to the extent 
and character of the tuberculous process and the amount of sputum. 
Apparently it was not influenced by sanocrysin. 

Sputum: The amount and character of the sputum is a valuable sign 
of the progress of phthisis. When the general tendency is toward dimi- 
nution in quantity and with the quality changing from purulent to 
mucopurulent to mucoid, it is usually an indication of contraction of 
cavities. The value of the change must be estimated for the individual 
case. Thus, for a patient who produces only a few grams of sputum a 
day, an increase of 5 or 10 gm. may be quite significant. When the 
amount in twenty-four hours is in the neighborhood of 100 gm. fluctua- 
tions of 10 to 30 gm. are the general rule. Allowances must be made for 
sputum arising from postnasal dropping, complicating sinusitis or su- 
perimposed bronchitis, all of which are represented in these groups of 
patients. In both the treated and control groups the amount of the 
sputum was carefully measured. The sanocrysin-treated patients did 
not show any striking changes in the amount or character of the sputum 
and the difference in both groups was no more than could be accounted 
for by the types and the extent of the pulmonary lesions. Generally 
when the bacillary content of sputum is diminishing the character of the 
expectorated material becomes more mucoid. In the literature one of 
the outstanding claims for sanocrysin is its alleged power to reduce the 
bacillary content of the sputum. We were unable to detect this influ- 
ence in our treated patients. In fact, the favorable change was more 
evident in the control group, but it was in proportion to the more stable 
clinical course of this group as compared with the sanocrysin-treated 
patients. Graphs and tables of the daily variations in the amount of 
sputum were made, but since they do not clarify or demonstrate the 
clinical trends of the groups they are omitted. 

A ppetite: In the treated group, 11 patients evidenced gastrointestinal 
symptoms, among which anorexia was always prominent. In one pa- 
tient (case 5) this was extreme and, with accompanying vomiting, resulted 
in acidosis. In a second case (case 10) vomiting and anorexia were se- 
vere and protracted. Early in the treatment we did not pay much at- 
tention to loss of appetite, as we confidently expected that it would 
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quickly return on stopping the drug. This was not the case. Anorexia 
persisted for as long as three months after stopping injections and appe- 
tite was very slowly restored. 

Sleep: Sleeplessness was not a feature. Occasionally the itching, 
accompanying, preceding or following the appearance of rashes, was 
sufficient to prevent sleep. In case 8 abdominal pains were severe 
enough to keep the patient awake at night, and occasionally awakened 
him from sound slumber. 

Local Pulmonary Manifestations: Physical Findings: We were not 
able to detect a definite focal reaction in pulmonary lesions or elsewhere. 
It was our impression that during spells of wet weather rales were some- 
times more moist but the area over which they were audible was not 
increased. This change was present equally in both groups. In one 
case (case 10) there was a striking diminution of the rales; an X-ray 
examination at this time showed that caseous areas had been broken 
down and excavated, and at the periphery of the same area dense pleural 
thickening had taken place. In the 12 treated patients 9 showed less 
moist rales; in the control group of 11 patients all evidenced this change. 
In the treated group, 3 showed increased rales. In no case was any pro- 
gressive change in breath-sounds noted. The advocates of sanocrysin 
claim that the improvement in stethoscopic findings in sanocrysin- 
treated patients is more marked than in those treated by rest alone. 
Our findings do not accord with this view. X-Ray Findings: Experi- 
ence has shown that serial roentgenograms, made according to a uni- 
form technique, are the best means of detecting anatomical changes in 
pulmonary tuberculous lesions. In this study, therefore, great reliance 
was placed on the X-ray films to show the actual state of the lungs from 
time to time. The most important findings are summarized in table 2. 
In the control group the X-ray showed in general a slight, though defi- 
nite, healing trend. In the sanocrysin-treated group the greater tend- 
ency to unfavorable progression of the disease is clearly shown in 5 
cases. In 6 cases improvement was noted, but this was striking in only 
one. As would be anticipated, no great amount of fibrosis was seen 
developing in any case in this period of time. Healing changes consisted 
mainly of absorption of exudative deposits and the diminution of cavi- 
ties through shrinkage of preéxisting fibrous tissue. 

Pain in Chest: In case 8 there was considerable pain in the muscles of 
the chest-wall anteriorly and posteriorly. Abdominal pains, cramp-like 
in character, were present simultaneously. The onset of these was a few 


1 
iB 
fy 
Me 
x 4 


410 AMBERSON, McMAHON AND PINNER 


weeks after cessation of the sanocrysin injections. Pleuritic pains were 
present in a few patients in both groups. There was no definite rela- 
tion established between these pains and the administration of the drug. 
Haemoptysis: One of the treated group (case 3) had streaked sputum 


TABLE 2 
Changes in the pulmonary lesions as demonstrated by stereoscopic X-ray films taken monthly 

or oftener from December 1, 1926, to June 1, 1927. The symbols represent 
approximately the degree of the change e 


KIND OF HEALING D PR 
DEGREE KIND OF PROGRESSION 


ASE E 
CAS: DEGREE OF OF PRO- 


aes a Absorption| Decrease | GREsston | Spread of | Increase of 
of cavities infiltration cavities 


1 + + | + 
2 + + 
3 Died 
4 +++] +++ 
5 + + 
, 7 + + + 
sanocrysin 8 
9 ++ + | + 
10 + ++ ++ 


no 


0 slight 0 
Controls variable 
changes 
20 + 

21 +? 
22 +++ 
23 slight vari- 
able 
changes 
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ce + later de- 


creased 


++++ 
+4 
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for a few days early in the treatment. Two of the control patients 
(cases 15 and 14) had streaked sputum for a few days in May, 1927. 
Three months after sanocrysin treatment case 12 had a moderate haemop- 
tysis, attended by febrile reaction and posthaemorrhagic lobar pneumonic 
spread on the same side. This patient had a large cavity, from which he 
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had considerable bacillary sputum: and which was probably the source of 
the haemorrhage, and also of the subsequent bronchogenic spread. 
Dyspnoea: During treatment all patients were confined to bed and 
none complained of dyspnoea. Those allowed exercise afterward did 
not report any change in breathing. 


TOXIC EFFECTS REFERABLE TO THE DRUG 


Skin: Of the 12 sanocrysin-treated cases, 7 developed rashes. This 
appeared during the treatment in 6, and, in one, one week after the cessa 
tion of treatment. In 5 patients the rash was accompanied by itching. 
In one case severe itching was present before development of the rash. 
The dermatose’ varied from a few small erythematous patches to macu- 
lopapular (scarlatiniform and morbilliform) eruptions distributed over 
the whole body. As these faded away they left areas of branny des- 
quamation, which later appeared dry and raw-looking and occasionally 
included tiny vesicles. For the skin to regain its normal appearance and 
texture required from one to three months, and in one patient (case 4) 
on June 1, 1927 it was not yet completely restored. There was no defi- 
nite relation between the amount of the drug given and the appearance of 
the rash. Occasionally it was aggravated by subsequent injections. In 
2 cases, in which the rash had disappeared, subsequent injections pro- 
duced a recurrence. 

Neuritis: One patient (case 9), following the third injection, had sharp 
pain radiating down the inner side of the arm and axilla. This was only 
of a few day’s duration and did not recur. 

Mucous Membranes: In 3 cases there was stomatitis with small aph- 
thous patches and tiny ulcers on the under surface of the tongue and 
buccal surface of the cheeks. In two of these there was no rash; in the 
third a few discrete patches of skin erythema appeared on the forearms 
shortly after stopping the sanocrysin injections. They did not resemble 
the rashes on other patients. It is interesting that rashes did not de- ' 
velop in patients who manifested stomatitis. 

Eye: In 9 of the treated patients ocular irritation was evidenced by 
lacrimation and occasionally by slight conjunctival injection. Coryza 
usually accompanied the lacrimation. 

Gastrointestinal Tract: Eleven of the 12 patients in the treated group 
evidenced gastrointestinal symptoms, chiefly nausea, anorexia, vomiting 
and diarrhoea. In 2 patients (cases 5 and 10) vomiting and anorexia 
were very severe and in both cases this resulted in marked loss in weight. 
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One of these (case 5) developed acidosis. These 2 patients looked and 
felt very badly and for a time the prognosis seemed grave. Among the 
control group 1 patient (case 16) had severe intermittent diarrhoea over a 
period of three months. One patient (case 8) did not develop gastroin- 
testinal disturbances until two weeks after the cessation of sanocrysin 
injections. In his case the first symptoms were gastric discomfort and 
cramp-like abdominal pains and belching of gas. These persisted, and 
anorexia with loss of weight was added. Later the pains in the abdo- 
men increased in severity and were sufficient to keep the patient awake at 
night. Vomiting became quite marked, and all foodstuffs, except milk, 
were ejected from the stomach. The pains were referred to the lumbar 
region and were also present in the muscles of the chest-wall, both an- 
teriorly and posteriorly. On June 1, 1927, these pains were still inter- 
mittently present, but the interval between the attacks was increasing. 

The most disconcerting feature of these gastrointestinal disturbances 
was their persistence after stopping the drug and their failure to respond 
to symptomatic, medicinal and dietetic treatment. On June 1, 1927, 
four months after stopping the drug, these symptoms, although much 
ameliorated, had not entirely cleared up. Following a test-meal a frac- 
tional gastric analysis did not reveal any abnormality in 2 patients (cases 
5 and 8) so tested. The bile collected by a nonsurgical drainage of the 
gall-bladder in case 8 was also within normal limits. 

Liver: One patient developed jaundice, probably from parenchyma- 
tous degeneration of the liver (case 3), which terminated in his death. 
It is possible that the severe gastrointestinal symptoms of the other 
patients were related to hepatic damage; but the latter was not demon- 
strated clinically. 

Kidney: Except in case 3, in which there was a transient oedema of the 
ankles, there was no evidence clinically of renal dysfunction. The uri- 
nary sediments, however, pointed to renal damage as discussed below. 

Tuberculous Complications: At the beginning of the treatment five of 
the treated group had slight tuberculous laryngitis (cases 3, 4, 5, 9 and 
10). This was improved or stationary in three and worse in two (cases 
3 and 4). Two of the control group had laryngitis (cases 14 and 22) 
and one “suspected laryngitis” (case 15). In all the condition was 
improved or stationary at the end of the treatment. 

Newly-Developed Tuberculous Complications: One patient (case 6) de- 
veloped enteritis, possibly tuberculous, following sanocrysin treatment. 
This was evidenced clinically by nausea and cramplike pains and ten- 
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derness on pressure over the right iliac fossa; an X-ray examination, fol- 
lowing a barium meal, showed filling defects in the ileocaecal region. A 
similar examination before treatment did not reveal any abnormality. 
The response to dietetic symptomatic treatment was so rapid that a 
tuberculous aetiology seemed doubtful. We were unable to make an- 
other examination of the gastrointestinal tract before the patient’s 
discharge. 

Of the treated group one patient developed a tuberculous otitis media 
with perforation (case 8). In the control group case 18 developed a 
similar complication. There was no evidence of sanocrysin being a 
causal factor. 


LABORATORY FINDINGS ~ 


The réle of the laboratory in this clinical study was definitely that of a 
mere auxiliary to the clinic. It was not intended to carry out any 
studies beyond such procedures that promised to help the clinician in 
evaluating whatever the results of the sanocrysin treatment on our 
group of patients might be. The excretion of the gold and its distribu- 
tion in the body have been subjects of very careful studies, by both Euro- 
pean and American workers. It did not seem necessary to duplicate 
their work. } 

Another important function of the laboratory was considered to be 
careful examinations in regard to possible injuries to the kidneys. It 
was evident from previous work that sanocrysin is, to say the least, not 
indifferent to renal function. Determinations of the various nonpro- 
tein-nitrogen fractions and of the chlorides in the blood, kidney-function 
tests and frequent urine examinations were performed. 

It was hoped that certain laboratory procedures could be employed, 
which might give prognostically valuable data in regard to the general 
condition of the patient and in regard to the course of his disease. For 
this purpose the following tests were performed at regular intervals: 
complete blood counts, sputum examination, sedimentation of red cells 
and estimation of the plasma proteins. 


RENAL FUNCTION 


Urine Examinations: The urine of each patient was examined twice 
during the observation period prior to treatment. With the beginning 
of the specific treatment, daily examinations were done. Eight weeks 
after the cessation of treatment, the urines were examined twice weekly; 
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later on, once weekly. Special attention was given throughout this 
work to the occurrence of protein and to the microscopical examination 
of the sediments. Both twenty-four-hour specimens and single speci- 
mens were tested, but, after it had become evident that the microscopical 
findings exceeded the chemical findings both in regularity and in signifi- 
cance, single specimens were used almost exclusively. With the excep- 
tion of the days of injections, when the specimens voided four to six 
hours after treatment were examined, morning specimens were used as a 
rule. 

No significant abnormality was found during the initial observation 
period. 

Following the third and fourth injections of sanocrysin, all treated 
patients showed some evidence of renal damage. In the majority of 
patients this consisted in the appearance of a few red cells, occasional 
renal epithelial cells and very few granular casts. Some of the patients 
showed traces of albumin. This, however, was much less regular than 
the microscopical changes, and (with the exception of two cases) was 
always preceded by the appearance of cellular elements. At first all 
these urinary changes were passing; they occurred on the day of injec- 
tion, and almost completely disappeared the next day. Soon, however, 
the changes became more marked. Particularly renal epithelial cells and 
small granular casts appeared in large numbers; erythrocytes were 
always scant in number or they were entirely missing. With few excep- 
tions the albuminuria was slight. By the end of January, every single 
treated patient had a urinary sediment so characteristic that it was 
possible for one of us (Pinner), on the basis of these findings alone and 
without knowledge of the identity of the patients, to differentiate cor- 
rectly the sanocrysin-treated from the control group. The renal epi- 
thelial cells were swollen and thickly studded with minute albuminoid 
granules; they contained only rarely, and then very few, granules taking 
the sudan stain or giving the metachromatic reaction with nile-blue 
sulphate. The casts were small and rather short and contained the same 
granular matter as did the epithelial cells. These characteristic ele- 
ments were present in every specimen examined between the end of 
January and the first half of March. From this time on the number of 
epithelial cells and particularly the number of casts decreased steadily. 
During the month of March and the first half of April red cells were found 
somewhat more frequently than during the preceding months, and, be- 
fore the casts disappeared altogether during May, occasional hyaline 


ig 


SANOCRYSIN IN PULMONARY TUBERCULOSIS 415 


casts were seen. The albuminuria ceased in all patients long before the 
sediment returned to normal; by the middle of May, no patient excreted 
any albumin. At the end of May most sediments were practically nor- 
mal, but an occasional cast or an occasional epithelial cell was still found 
at the beginning of June. 

In the control cases no definite urinary changes were observed. Occa- 
sional and temporary traces of albumin occurred; now and then a granu- 
lar or hyaline cast or a renal epithelial cell was recorded. But in these 
cases, neither casts nor cells had the intensely granular appearance as 
the ones seen in treated patients. Within our series of patients the sedi- 
ment was definitely distinctive for the gold-treated group. 

Prompted by these urinary changes a phenolsulphonephthalein test 
was performed on each patient in the middle of February. The drug 
was injected intramuscularly and the urine was collected one and two 
hours following the injection. This may account for the rather low 
values obtained in the control cases. The average total excretion in the 
control group was 55 per cent; in the treated group it was 40 per cent. 
In the treated patients a larger percentage of the dye was excreted in 
the second hour than in the control patients. Excretion was, accord- 
ingly, decreased and delayed. The tests were repeated in the middle of 
March and in the middle of May, using the intravenous route of injec- 
tion. The treated group excreted a total average of 56 and 62 per cent, 
respectively; the control group 58 and 64 per cent, respectively. It is 
noteworthy that the average excretion of the dye is diminished in our 
control group as compared to the normal values. In most of our more 
or less advanced tuberculous patients who do not show any evidence of 
renal disease, we find as a rule relatively decreased elimination. Similar 
observations have recently been published by David. 

Bloodchemistry Findings in Regard to Renal Function? Nonprotein 
nitrogen and urea were determined before treatment was started. The 
values for all patients were within normal limits. Immediately after 


3 The details of the work were carried out by one man (McMahon). He had no other 
routine duties. All X-ray interpretations were made independently by another man (Am- 
berson). The films were read by key number so that the interpretation would not be influ- 
enced by a knowledge of the clinical course of the case. The clinicians, however, had access 
to all films for routine guidance. A sufficient number of nurses was on duty so as to ensure a 
continuous ward routine. All laboratory work was under the supervision of the laboratory 
director (Pinner). Specimens sent for examination were labelled with a key number, the 
identity of the patients not being known by the laboratory staff. All blood chemistry work 
was done by Kathryn Knowlton. 
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the cessation of treatment, the estimations were repeated. The treated 
group showed a slight but insignificantly higher average value for non- 
protein nitrogen than the control group, the figures being 36.1 and 33.8 
mgm. per 100 cc., respectively. One treated patient had 45.1 mgm. per 
100 cc.; all the rest of the patients were well within normal limits. The 
next blood-chemistry studies were done in the beginning of April; this 
time uric acid, creatinin and chlorides were determined in addition to non- 
protein nitrogen and urea. Not a single patient showed evidence of 
retention. Thesame is true for the next series of tests done in the middle 
of May. 

The renal disturbance observed in every treated case must obviously 
be interpreted as a desquamation of degenerated tubular epithelium. 
The scarcity of red cells would indicate that the glomerular apparatus did 
not suffer appreciably. The fact that nitrogen or chloride retention 
did not occur, the prompt return of the excretory function in regard to 
phenolsulphonephthalein to the level of the untreated group of patients, 
and the almost complete, though very slow, disappearance from the 
urine of the pathological products seemed to justify the expectation that 
no permanent renal damage was caused, but one patient, as mentioned in 
the clinical part, developed later on typical chronic nephritis. The 
regularity of some damage to the kidney indicates that prolonged treat- 
ment, or the administration of slightly higher amounts of the gold salt 
than used in this trial, would most probably cause irreparable injury. 
Almost all authors report some more or less occasional abnormality; but 
we do not know of any publication in which every single patient is re- 
ported to have shown evidence of renal damage. This divergence is most 
probably due to the fact that usually the urine is examined for albumin 
only and for its microscopical constituents only when albuminuria is 
found. If our studies had been confined to chemical examinations, we 
would never have been alarmed in regard to the action of sanocrysin on 
the kidneys. 


PROGNOSTIC LABORATORY AIDS 


The selection of laboratory methods that might complement the clini- 
cal findings in regard to the evaluation of the general condition of the 
patients, and of their local tuberculous lesions, was given a good deal 
of consideration. It has always been the opinion of this group of work- 
ers that only those laboratory methods are of definite value which are 
likely to afford such information as the clinician cannot obtain by his 
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more direct methods of observation and physical examination. That the 
determination of the sputum weight and its content in tubercle bacilli 
would have to be included, is obvious. Sputa were examined twice 
monthly; if found negative, two twenty-four hour specimens were con- 
centrated with sodium hydroxide. Table 3 assembles our data. A pa- 
tient is reported as negative at the end of the observation period only 
when no bacilli have been found on at least two subsequent examinations, 
using each time two twenty-four hour specimens for digestion, and when 
a guinea pig inoculated with the sputum did not develop tuberculosis. 


TABLE 3 


SPUTUM SPUTUM 


NEGATIVE POSITIVE 


Treated |Control |Treated |Control |Treated | Control 


At end end of observation period............. y 2 2 1 8 8 


* One of the treated patients, whose sputum became negative after treatment, carried 
bacilli again after the completion of this table. 


Table 3 includes one treated patient who died during the period of 
treatment and whose sputum always remained positive; one control 
patient, discharged in April, who never had any sputum; and one con- 
trol patient discharged in March, whose sputum remained positive. 

Blood counts, at least the estimation of red cells and haemoglobin, 
were thought possibly to be of value, although it has been pointed out 
that secondary anaemia in tuberculosis does not parallel the progress of 
the local lesions. In regard to differential counts, general agreement 
exists that, everything being equal, absolute lymphocytosis is found in 
cases with relatively small and more or less inactive foci, while the oppo- 
site is true of absolute polymorphonuclear leucocytosis. This may be 
judiciously applied in a very general way: the incipient benign case 
usually has a lymphocytosis; the desperately advanced case an extreme 
lymphopoenia. Indeed, we have observed agonal cases with less than 
0.5 per cent lymphocytes with a total white count of 10,000 to 15,000. 
For all the cases between these two extremes—and they are the ones of 
actual interest—the fluctuation of lymphocytes and leucocytes shows not 
more than a very loose relation to the clinical course. We found the 
same to be true in our work of the ratio of lymphocytes to monocytes. 
The results of our findings can be dismissed very briefly. The changes 
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that occurred in the blood pictures were slight and there was in this 
respect no difference between treated and control group. 

Of all the specific serological reactions, none seems to promise definite 
aid. A discussion of their diagnostic and prognostic value has recently 
been published (13). During the last six or eight years a number of 
nonspecific serological tests have been advocated as being of material 
help in prognostication. They are all based on the fact that in diseases 
with toxaemia and tissue destruction the colloidal system of the plasma is 
destabilized. Sedimentation tests were included in our scheme because 
they have been extensively used in similar trials of sanocrysin and be- 
cause it was hoped that additional information as to their prognostic 
reliance might be gained. This part of our studies is reported in a separ- 
ate communication (14). For the present purpose it will suffice to state 
that we are now viewing the clinical value of the sedimentation reaction 
in tuberculosis with much more scepticism than we did at the onset of 
this work. In the application to patients treated with sanocrysin, 
another factor must be considered. In practically all the treated pa- 
tients, there occurred during the time of treatment a very sharp drop in 
the globulin, amounting on the average for this group to 50 per cent. 

The globulin of the nontreated cases remained practically the same. 
A marked, but less pronounced, drop was observed in the fibrinogen. 
The sedimentation rate decreased markedly, although this is not 
expressed in the total average, since two patients had a very high in- 
crease, the one having particularly pronounced urinary disease and 
pelvic inflammatory changes, the other having excavated her pulmonary 
lesion. The average decrease in the control group was greater. Peter- 
sen and Levinson (9) have shown that sanocrysin injection into a tu- 
berculous dog decreases endothelial permeability to such an extent as to 
lead to the cessation of the lymph-flow in the thoracic duct. It is quite 
possible that an analogous mechanism is the explanation for the rapid 
decrease in globulin during treatment, particularly since no marked 
improvement in the physical condition of the patients was noted simul- 
taneously. The occurrence of severe hepatic damage in one patient 
suggests the possibility that clinically unnoticeable injuries to the liver 
may be involved as causative factors for the decrease in globulin. What- 
ever the explanation may be, we can state definitely from our studies 
that under sanocrysin treatment alterations in the plasma-protein bal- 
ance occur fully independently of the physical condition of the patients, 
and that these alterations, according to the accepted views, would be 
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interpreted as improvement. This point is of some importance because 
the sedimentation test has frequently been used in sanocrysin work as 
witness for the improvement brought about by the gold treatment. 

In comparing the behavior of the plasma proteins before treatment and 
in the middle of May the total average for the two groups of patients 
does not show marked differences. 

Various attempts were made to correlate the findings of the plasma pro- 
teins and the sedimentation tests with the clinical status. The results 
of all these attempts were very unsatisfactory, While it was found true 
in a general way that the patient with active and progressing disease has a 
high sedimentation rate, clinically observed changes in the course of the 
disease were not reliably represented by the simultaneous changes in the 
sedimentation. The fibrinogen did not, with any regularity, increase 
with progressing, and decrease with improving disease. The albumin- 
globulin ratio changed in subsequent examinations on the same patient 
without evident dependence on the course of the disease. After corre- 
lating in every conceivable way the results of the sedimentation tests and 
the amounts of the protein fractions with the clinical course, we were 
forced to the conclusion that the results of neither procedure were usable 
as a prognostic index and that, in our series at least, they did not fulfill 
the promises that they seemed to hold according to the work of numerous 
other investigators. 

Case 3 deserves special comment. In regard to the nature of his fatal 
jaundice, the positive results of both the direct and indirect Van den 
Bergh tests, the low fibrinogen content of the serum and the greatly 
increased prothrombin time, undoubtedly indicate, as do the clinical 
observations, a parenchymatous degeneration of the liver. Both clini- 
cal and experimental observations indicate that parenchymal hepatic 
damage causes a low fibrinogen content. (Wells, Chemical Pathology.) 
The fact that only one out of 12 patients developed this fatal complica- 
tion remains unexplained. Histochemical studies on the distribution 
of gold in 6 patients treated with sanocrysin (Gallinal) showed that the 
localization varied individually. It did not show any relation to tubercu- 
lous foci nor to nontuberculous alterations. In every case gold deposits 
were demonstrated in the Kupffer cells in the liver; the favorite locali- 
zation in the kidney was the tubular epithelium and the peritubular in- 
terstitial tissue. These studies throw some light on the findings re- 
ported here. 
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Summary of Laboratory Findings 


1: All patients treated with sanocrysin showed evidence of damage to 
the renal tubules. With the exception of one patient, all appear to have 
repaired this damage without permanent ill effect. 

2: The bacillary content of the sputum did not show marked changes 
in the treated patients as compared with the control group. 

3: It was found that blood counts, including differential counts of the 
white cells, estimation of plasma proteins, and sedimentation tests, are 
not to be relied upon to furnish accurate information in. regard to pro- 
gressive or retrogressive changes in the tuberculous lesions and in the 
general condition. 

4: One treated patient developed a fatal icterus, which, on the strength 
of the laboratory findings, must be interpreted as having been caused by 
a parenchymatous degeneration of the liver. 


RESULTS OF TREATMENT 


In finally determining the effects of treatment, all of the observations 
described above were correlated and used as a basis of judgment. We 
relied chiefly on such factors as changes in the X-ray shadows of the pul- 
monary lesions, presence in or absence from the sputum of tubercle bacilli, 
and measurable symptoms such as temperature and fluctuations in the 
body weight. Changes in physical signs, being less significant, were 
not given much value. ‘Toxic effects of the drug were distinguished as 
far as possible from symptoms referable to the disease itself and were 
measured according to the manifestations described above and to be 
discussed presently. It was deemed important to keep the patients in 
bed under strict observation for some time after the course of sanocry- 
sin had been administered; accordingly they were studied under fixed 
conditions for approximately two months during sanocrysin treatment 
and approximately four months afterwards. 

Table 4 summarizes our final judgment of the cases. Only 11 are 
recorded in the control group since one patient had severe haemoptyses 
during the preliminary period of observation and had to be transferred 
to another hospital for surgical treatment (thoracoplasty). 


Follow-Up 


An attempt was made to secure additional information about the con- 
dition of our patients in May, 1928, about one year after the close of the 
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detailed study. Also, in the spring of 1930, Dr. Walter I. Werner of the 
sanatorium staff tried to trace them and learn something further of their 
fate. The results of these attempts were not wholly satisfactory and, 
therefore, do not justify any broad inferences. Fairly definite informa- 
tion, covering a period of from sixteen months to three years after the 
last dose of sanocrysin was given, can be stated briefly as follows: 

Of the 11 “control” cases 2 were not traced, 2 were doing well, 2 had 
died, and 5 were worse on account of their tuberculosis. Two of the 
last 5 were obliged to accept artificial-pneumothorax treatment, and one, 
thoracoplasty. 

Of the 11 surviving members of the 12 sanocrysin-treated cases 3 were 
not traced, 3 were doing well as regards their tuberculosis, but one of these 
was reported to have developed chronic nephritis; 5 were worse (one 
came to artificial pneumothorax and one had a thoracoplasty). 

In May, 1928 (about sixteen months after the last dose of sanocrysin), 
analyses of blood and urine and phenolsulphonephthalein renal function 
tests were done on 7 patients of the control group and 8 of the sanocrysin- 
treated group with the findings summarized in table 5. 


DISCUSSION 


Possible Modes of Action of Sanocrysin: Question of Specific Effect: 
M@llgaard’s original claim that sanocrysin actually penetrates tubercu- 
lous lesions, which are not rendered impenetrable by fibrosis, and kills 
the enclosed tubercle bacilli has been questioned by various workers. 
Some have found rather positive evidence that this does not occur. 
Lyle Cummins (4) has experimented with the substance and finds that 
it does not kill tubercle bacilli in cultures, nor does it inhibit their growth 
in a blood-clot, findings that speak against the probability of any signifi- 
cant sterilizing effect in the living tuberculous animal or human body. 
An interesting experience of Wirz (5) has some bearing on the same point. 
In two cases of haematogenous skin tuberculides which he treated with 
intravenous injections of related gold compounds (aurophos and lopion) 
new skin lesions appeared during the course of treatment, which leads 
the author to assume that such preparations are not parasitotropic. 
Lydia M. DeWitt (6) experimented with various gold cyanides in tu- 
berculous guinea pigs, and in 1917 reported the significant observation 
that tubercles flourished in the liver, spleen, lungs and other tissues even 
though the concentration of gold in these tissues was much more than 
needed to prevent the growth of the tubercle bacillus in the test-tube. 
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She noted that gold cyanide had been recommended for tuberculosis 
sixty years previously by Chrestien and that Robert Koch in 1890 was 
familiar with its bacteriostatic action in test-tube experiments. To 
explain the failure of the substance to act similarly in the diseased ani- 


TABLE 4 


Summary of results of treatment based on correlation of clinical, X-ray and laboratory 
findings, June 1, 1927 ¢ 


TUBERCULOSIS SANOCRYSIN 


Total Toxic effects 
Slightly Much Un- dose per 


improved] improved|changed kg. body 
weight | Slight 


Case number 
Severe | Fatal 


gm. 
0.09 
0.1 
0.06 
0.06 
0.06 
0.07 
0.1 
0.09 
0.09 
0.08 
0.08 
0.1 


i 
1 
Died during treatment 


1 


1 
2 
3 
5 
6 
7 
8 
9 


Controls 


Lotal..... 


mal, she suggested such possibilities as a transformation of the chemical 
in the tissues into an inert form, protection of the bacilli by peculiarities 
of their own structure or their cellular environment, or a tolerance ac- 
quired by the bacilli for gold. The proponents of sanocrysin explain its 
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13 1 
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sanocrysin 
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alleged superiority on the basis of a diffusibility greater than that of such 
Practically speaking, however, the important 
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Showing results of blood and urine studies in May, 1928, sixteen months after last dose of 


URINARY FINDINGS 


BLOOD CHEMISTRY 


Sanocrysin- 
treated 


Controls 


Occasional red cells and renal 


epithelial cells. P.S.P. 58 
per cent 

Not done 

Died 

Albumin. Leucocytes and oc- 


casional renal epithelial cells 
Not done 


Not done 

Occasional red cells and renal 
epithelial cells. P.S.P. 68 per 
cent 

Occasional red cells. P.S.P. 72 
per cent 

Occasional renal _ epithelial 
cells 

Few red cells. P.S.P. 74 per 
cent 

Normal. P.S.P. 47 per cent 


Normal. P.S.P. 48 per cent 


Not done 


Occasional red cells. P.S.P. 
56 per cent 
Normal. P.S.P. 75 per cent 


Normal P.S.P. 72 per cent 
Normal. P.S.P. 64 per cent 
Normal. P.S.P. 88 per cent 
Not done 
Normal. 

Not done 
Not done 
Normal. 


P.S.P. 72 per cent 


P.S.P. 43 per cent 


N.P.N. 46.8; otherwise normal 


Normal 


Normal 


Normal 


N.P.N. 40.0; otherwise normal 


Normal 


N.P.N. 38.8; urea N. 17.9; 


otherwise normal 


N.P.N. 41.1; urea N. 17.7; 


otherwise normal 


Normal 


Normal 
Normal 
Normal 
Normal 


Normal 


N.P.N. 
normal 


39.6; 


otherwise 


point is that there has been no conclusive proof of the ability of in- 
jected sanocrysin to kill tubercle bacilli in diseased animals and that the 
available evidence is decidedly against such an hypothesis. 
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In human pulmonary cases evidence of considerable weight in relation 
to this allegedly specific effect should be obtained from a study of changes 
in the bacillary content of the sputum. Many clinicians have stressed 
this feature, and the recent paper of Koch (7), for example, reports that 
39 of 78 sanocrysin-treated patients lost tubercle bacilli from their 
sputum, while a like change occurred in only 7 or 65 “control” cases. 
Many of his treated cases lost their bacilli after two to five doses of the 
drug. This would seem to argue strongly for a sterilizing effect, but a 
close examination of Koch’s methods reveals certain defects (discussed 
below) which seriously impair the value of his inferences. In our own 
study we considered the sputum examination as a factor of great impor- 
tance and set up the criterion that at least two ample specimens must give 
negative results in microscopical examination (after digestion and con- 
centration), culture and guinea-pig inoculation before the sputum could 
be called negative. By applying this criterion we found no evidence 
whatever that sanocrysin has a sterilizing effect on the living human tu- 
berculous organism. 

Tuberculin-Like Effect: In the earlier experimental and clinical in- 
vestigation of sanocrysin, the tendency was to attribute almost all the 
by-effects of the drug to the liberation from killed bacilli of tuberculous 
toxins into the blood-streaam. This assumption was based largely on 
the observation that the toxic signs present themselves much more 
promptly and severely in tuberculous subjects than in normals. Since 
this time evidence has accumulated to show that a good many of these 
manifestations are not to be explained as “tuberculin-effects,” but as the 
direct symptoms of metallic (gold) poisoning (discussed below). Never- 
theless, there is reason to believe the drug actually does in some tubercu- 
lous cases elicit certain responses which are closely analogous to those 
produced by the introduction of tuberculin. An intensely acute inflam- 
matory reaction about preéxisting tuberculous foci in the lungs of man 
and animals treated by sanocrysin has been demonstrated by Mgllgaard, 
and this bears every resemblance to the “tuberculin pneumonia” of 
Virchow. In clinical cases receiving sanocrysin, it is easily possible to 
attribute the rapid break-down and excavation of old tuberculous de- 
posits, as well as their peripheral spread, to a similar mechanism. Con- 
stitutional symptoms, such as fever, also may fit into this picture. Since 
a tuberculin-like effect may, therefore, be an actuality and since there 
is very slender evidence that this could be due to the killing and disinte- 
gration of tubercle bacilli lodged in existing lesions, a more reasonable 
explanation must be sought. 
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Our clinical experience with a number of therapeutic agents in tu- 
berculosis has led us to accept the widely endorsed theory that many of 
them have in common the property of exerting a nonspecific effect analo- 
gous to that of tuberculin. They seem to stimulate more or less of an 
inflammatory reaction in and about tuberculous foci, which, if not pushed 
too far, may be turned to good account in some cases, as, for instance, in 
those already tending toward fibrosis and healing. The principle is 
expressed by the German term, Reiztherapie, and the agents which may 
act in this way include nonspecific proteins, actinic rays, X-rays and 
certain chemicals, like hetol. Such effects from the introduction of 
compounds of heavy metals are not infrequently witnessed in the treat- 
ment of syphilis complicating tuberculosis. Cummins, who thinks that 
sanocrysin works like other heavy metals, recalls that von Linden noted 
similar reactions after the administration of copper compounds to tu- 
berculous subjects. Petersen and Levinson (8) and Levinson, Petersen 
and Milles (9) in a series of fundamental experiments have found a 
rational explanation of the action of this class of substances: 


All the therapeutic agents of the “‘reactive” class, tuberculin, sodium aurothio- 
sulphate (sanocrysin), hetol, etc., act seemingly in a relatively simple way. 
They first make the tissues more permeable, and later the tissues become less 
permeable for a considerable period of time. 

The focal reaction, whether in the form that is obvious clinically or consist- 
ing merely of the imperceptible biologic reactions following the injections of 
minute doses of the agents in question, is a reaction that depends on changes in 
permeability of the capillaries about the tuberculous focus. 


Our clinical trial of sanocrysin affords no evidence against the correct- 
ness of this conception, which, on the contrary, gives us a logical under- 
standing of all the observed reactions except those attributable to the 
direct toxic effects of the drug itself. In other words we are in agreement 
with Mgllgaard and many others that a certain group of sanocrysin- 
induced symptoms, such as fever, rapid pulse, lassitude and loss of weight, ‘ 
can reasonably be interpreted, at least to some extent, as the constitu- 
tional effects of circulating tuberculosis “‘toxins” and that these may be 
liberated from existing tuberculous lesions by some action of the drug. 
A nonspecific action, resulting in an alteration of capillary permeability 
about the tuberculous lesions, would seem to be wholly sufficient to pro- 
duce such effects. We do not believe it is necessary to assume a specific 
bacteriotropic action,—especially since, at the present time, this would 
be pure assumption. 
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Toxicity of Sanocrysin: In the minds of many who have used sanocry- 
sin therapeutically there is evident uncertainty in distinguishing its 
tuberculin-like effect in the tuberculous organism from its direct toxicity. 
Mg@llgaard and his coworkers observed that normal subjects experienced 
little or no harm from the introduction of the drug, whereas the tubercu- 
lous sometimes suffered serious damage. ‘This difference led them to 
assume that the liberation of toxins from the tuberculous lesions is prac- 
tically the sole cause of all the undesirable effects. The characteristic 
reactions with fever, vomiting, diarrhoea, stomatitis, skin eruptions and 
albuminuria, and even the more serious effects such as myocarditis and 
pulmonary oedema, were ascribed to this mechanism, which, in effect, was 
assumed to be the same as that operating in serum sickness. 

While a tuberculin-like effect enters into the picture and is readily 
explainable, as discussed above, it seems to us to be straining the point 
too far to accept this as the cause of all the trouble. It is true that an 
overdose of tuberculin may cause profound constitutional effects but, 
viewed broadly, these are seldom of the character of certain sanocrysin 
reactions, which we interpret rather as signs of metallic poisoning. In 
our experience in treating tuberculosis we have witnessed many consti- 
tutional tuberculin reactions but have never seen, as a feature of these, 
a skin eruption of the kind or intensity which occurred in our sanocrysin- 
treated cases. We have never found stomatitis to be an element of the 
tuberculin reaction. Gastrointestinal upsets with loss of weight are not 
uncommon, but, unlike sanocrysin effects, these have not in our experience 
been so severe as to result in acidosis, nor have they persisted long after 
the febrile reaction to tuberculin has passed; persistence of gastroin- 
testinal symptoms for weeks or months after the last dose of sanocrysin 
was a striking feature in our cases. While, in most of our cases the skin 
eruptions, stomatitis and gastrointestinal symptoms developed simul- 
taneously with or following the appearance of fever, it seems significant 
that in two cases the rash came first and that in five cases the temperature 
did not rise above 100° even though these other manifestations were 
rather severe, If such a syndrome could be assumed to result entirely 
from the tuberculin-like effect of sanocrysin, one should certainly expect 
the fever would be much higher and that it would not be antedated by a 
skin eruption. On this assumption the syndrome is an incongruity, 
and a more plausible explanation is that the gastrointestinal effects, sto- 
matitis and skin eruptions were caused chiefly, if not entirely, by the 
metallic salt itself. 
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Strong evidence of gold poisoning is the finding of undoubted renal 
damage in all of our cases. This can hardly be explained as a manifes- 
tation of tuberculous toxaemia for two main reasons. First, the des- 
quamated renal epithelial cells were found in all sanocrysin-treated cases 
regardless of the degree of fever or other sign of tuberculous toxaemia. 
Second, no closely similar cells were discovered in the urine of any con- 
trol case, nor have they been found in any other cases of tuberculosis 
under our care. The discovery of toxic albuminuria is not uncommon in 
febrile cases of tuberculosis but this, we believe, is usually a different 
matter. McCluskey and Eichelberger (10), having found in both normal 
and tuberculous dogs that sanocrysin is excreted principally through 
the kidneys, one might expect that toxic effects, if any, would alter the 
constituents of the urine. The nature of our findings, therefore, is not 
surprising. Their significance is further heightened by the observation, 
sixteen months after the Iast dose of sanocrysin, that the renal damage in 
some of the cases had not been wholly repaired (table 5). 

That the stomatitis, gastrointestinal irritation and skin eruptions are 
mainly the results of metallic poisoning can hardly be doubted. (An 
interesting, though isolated, observation was made by Wigley (4) who 
found a positive test for gold in a section of human skin involved in a 
sanocrysin rash.) One need only read a textbook description of poison- 
ing by heavy metals to interpret these reactions of our patients as such. 
Here, again, we believe that this explanation is simple and logical, re- 
lieving one of the necessity of constructing a highly improbable hypothe- 
sis of,a special kind of tuberculous intoxication induced by sanocrysin. 
The fact that tuberculous animals react much more violently than nor- 
mal ones need not invalidate the explanation, because we know that the 
whole organism is profoundly altered by tuberculosis (see Petersen and 
Levinson (8)) and, therefore, is likely to react differently to toxic sub- 
stances. In this connection we would point out again that tuberculous 
syphilitics are much more likely to exhibit untoward reactions to the 
introduction of salts of heavy metals than are syphilitics without the 
complication of tuberculosis. Further, it should not be assumed that 
sanocrysin is wholly innocuous in normal animals. McCluskey and 
Eichelberger found that normal dogs were somewhat harmed, as evi- 
denced by such signs and symptoms as, diarrhoea, vomiting, oliguria, 
albuminuria, and decreased excretion in the urine of urea, chlorides and 
creatinine. Normal men may be even more susceptible than normal 
animals, but there is no evidence on this point. 
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It would be difficult to understand the behavior of our fatal case (case 
3) except as one of gold poisoning. Clinical and laboratory evidence is 
presented to show that there was a degeneration of the liver, and the 
course of the case with termination by heart failure is in accord with the 
assumption of such a cause. The observation of Levinson, Petersen 
and Milles, that (8) in sanocrysin-treated tuberculous dogs the function 
of the liver (which usually is involved in the tuberculous process) may 
be impaired, suggests that some of the clinically observed gastrointestinal 
symptoms resulting from sanocrysin administration may be referable to 
a mild degree of hepatic damage. Whether or not this is an impor- 
tant mechanism, the fact to be stressed is that the direful effects in our 
case 3 were not anticipated in spite of our most careful watching. This 
patient’s original reaction with gastrointestinal symptoms was not un- 
like that of a number of others. Subsequent events suggest that the 
_ symptoms were due at least in part to damage to the liver, which did not 

declare itself clearly, and that the final 0.5 gm. of sanocrysin administered 
was sufficient to make this damage irreparable and fatal. Hughes (11) 
reports a somewhat similar case in which a total of only 0.7 gm. was 
given in four doses. After the last dose of 0.35 gm. the patient developed 
fever, albuminuria, itching and diarrhoea, and the urine showed bile 
and granular casts. Jaundice became rather marked, the liver enlarged, 
the urine showed urobilin and bilirubin (later, as the stools lost their 
pigment, urobilin cleared from the urine) in addition to much bile pig- 
ment, and the patient suffered from nausea and vomiting. Recovery 
followed the administration of 10 per cent sodium thiosulphate. Hughes 
interprets the case as one of drug intoxication possibly from a cumulative 
action, but considers such a manifestation unusual. Our patient re- 
ceived a total of 3.9 gm. sanocrysin, considerably less than others who did 
not react so violently. This wide variation in susceptibility to the 
effects of the chemical is one of the outstanding findings of our investi- 
gation. Two of the obviously inherent dangers are the lack of definite 
signs that the patient is being seriously menaced by the injections and 
the difficulty in controlling the intoxication once it starts. As proved in 
our cases the practice of omitting or postponing a dose until the toxic 
symptoms have subsided is not enough. It seems that the only sure way 
of averting more or less serious results would be to withdraw the drug 
entirely at the first sign of intoxication, especially gastrointestinal and 
renal manifestations, but this obviously would practically preclude this 
form of therapy. 
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Criteria for Judging the Clinical Effects of a Chemotherapeutic Agent 
like Sanocrysin: The clinical testing of any therapeutic agent for human 
tuberculosis and the formulation of a judgment of the results give pause 
to the physician who has dealt at length with the disease. A recollec- 
tion of the multitude of remedies, often vaunted by most conscientious 
men, that have had their little day and then passed into obscurity, 
sometimes sorely tries one’s faith in the value of clinical observation. 
There are a number of reasons why many who have essayed the task 
have fallenintoerror. First of all is the notorious tendency of the disease 
to fluctuate naturally through all the phases of progression and retro- 
gression, sometimes because of treatment; sometimes for the lack of it; 
often despite it. It requires the utmost watchfulness to avoid the mis- 
take of ascribing causal relationships to events which are merely coinci- 
dental, since tuberculosis is more receptive in this respect than many 
other diseases. The difficulty is multiplied if one relies solely for his 
judgment on the use of a therapeutic agent as a part of the routine pro- 
cedure in an institution. A carefully prearranged plan of study, usually 
including some unusual tests and examinations, is quite necessary to 
discover the more subtle effects of such an agent with any degree of 
precision. With this condition satisfied, a clinical trial often will yield 
knowledge which cannot be obtained entirely from laboratory experi- 
mentation. Tuberculosis in animals never duplicates exactly all the 
features of the disease in man, and, therefore, there is not only a place but 
a real necessity for clinical testing. 

To us many clinical reports on the use of sanocrysin seem misleading 
and valueless because the manner of observation of patients under study 
has not been sufficiently careful and exacting. In many instances, the 
drug was introduced as an addition to ordinary institutional treatment 
and results have been judged on vague and insufficient evidence. Very 
few workers have divided their cases so as to have closely comparable 
“control” groups. Some of those who have attempted to select such con- 
trols have used the extent of the disease as the basis of selection. Know- 
ing, as we do, that in many cases the character of the lesion means vastly 
more than its extent, the matching of cases solely according to their 
position in the Turban or other similar classification cannot be accepted 
as a proper step in work of this purpose. Others have eliminated from 
comparison those cases in which sanocrysin was tried but found not to be 
well tolerated, a self-condemnatory practice. 

The main argument in the reports of some writers is the change in the 
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bacillary content of the sputum during sanocrysin treatment. Few, 
however, describe their sputum-examination technique, and many if 
not most of them rely on the microscopical examination of single sputum 
smears. In our experience this method is very inaccurate for purposes 
of such a study. Concentration and digestion of the sputum before 
staining yields 15 to 20 per cent more positives; culture and animal in- 
oculation still more. Since our cases received about the same amount of 
sanocrysin as most cases reported in the literature, the absolute contra- 
diction between our sputum findings and those of some others is signifi- 
cant even though our group of patients is not large. We believe this is 
to be explained partly, if not largely, on the fact that our method of search- 
ing for the bacilli was much more thorough and accurate. No investi- 
gation of this type can be considered adequate if it does not incorporate 
such exhaustive methods. 

Misinterpretation of X-ray and physical-examination findings must 
also be carefully avoided. In one of our sanocrysin-treated cases, a 
striking feature was a diminution of rales, but a correlation with the X- 
ray film showed that this change was due to extensive excavation of the 
lung. Only by close and repeated correlation of all the data of a case 
can an accurate judgment be formed. 

We report finally on only 12 treated cases and 11 “controls.” Ordi- 
narily this small number would be insufficient to afford much information. 
However, what the investigation loses by lack of extensiveness, we be- 
lieve, is made up by its intensiveness and by the thoroughness of the 
method pursued. 


CONCLUSIONS 


1. This investigation proves the need and the merit of a carefully 
prearranged plan to be followed in a clinical test of a chemotherapeutic 
agent in tuberculous patients. 

2. We discovered no evidence in 12 cases, studied according to such a 
plan, that sanocrysin, given in small, gradually increasing doses up to a 
total of 6.1 gm., has a beneficial effect on pulmonary tuberculosis or its 
complications. 

3. Compared with “‘control”’ cases more of our sanocrysin-treated cases 
became worse. The evidence is strongly suggestive that sanocrysin 
was at least partly responsible for the unfavorable trend of the disease 
in some of these cases. 
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4, Sanocrysin exerted definitely harmful systemic effects in all our 
treated cases, partly as a secondary result of its action on the local tu- 
berculous lesions, but mostly, we believe, by virtue of its own inherent 
toxicity. These effects were usually on the nutrition, gastrointestinal 
function, temperature, skin, mucous membranes and kidneys. 

5. One sanocrysin-treated patient died from parenchymatous de- 
generation of the liver and other effects which we interpret as gold poi- 
soning. We could not anticipate this unfortunate outcome. 

6. Because of the lack of definite evidence of benefit and because of 
positive evidence of harm which in some respects is long-lasting, especi- 
ally in the kidneys, the use of sanocrysin, as we used it, is not justified. 


Case Report 


On account of their great length it is not possible to publish all our case 
reports. The following report of our case III is given because of the impor- 
tance of this fatality and also to demonstrate the method of observation used in 
all our cases. Details regarding other cases may be obtained from the authors. 


Case 3: A white male, aged 20, single, college student, admitted May 30, 1926. 
His pulmonary tuberculosis dated presumably from December, 1925. The 
onset was insidious, with cough, expectoration and loss in weight. Treatment 
was not instituted until three months before entering the sanatorium; during 
this interval he had bed-rest in a general hospital. During the five and a half 
months in the sanatorium preceding sanocrysin treatment, the clinical course 
was that of quiescent disease, although the patient had persistent cough. and 
expectoration and on two occasions blood-streaked sputum. For an uncer- 
tain time he occasionally had two or three soft stools a day. He was unco- 
operative as regards sanatorium routine. At the time of starting sanocrysin 
treatment, the general condition was good and there were no constitutional 
symptoms, but the patient had cough and bacillary sputum; serial X-rays 
showed slight absorption of periforcal inflammation and slight contraction of 
the cavity in the left upper lobe. Physical Examination: Larynx: The true 
cords are injected and they are slightly serrated in their posterior thirds; defi- 
nite erosion of the posterior commissure, most marked in the middle line. Right 
Lung: Slight dulness above the 2nd rib and 4th spines. Bronchovesicular 
breathing above the 3rd rib and 4th spine. Fine and medium rales above the 
2nd rib and 3rd spine and from the 7th spine to the base posteriorly. Left 
Lung: Slight dulness above the clavicle. Sharpened inspiration above the 2nd 
rib. Fine and occasional medium rales above the 2nd rib and 3rd spine. X-ray 
examination of the gastrointestinal tract, following a barium meal], showed 
filling defects at the ileocaecal junction, suggestive of an early tuberculous 
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infection of the terminal ileum and adjacent part of the caecum. Chest X-Ray 
(November 12 and December 3, 1926): Right Lung: Light infiltration, partially 
fibrotic, above the 2nd rib and 6th spine, more intense at the apex medially; 
light isolated deposits scattered below this, increasing along the descending 
trunks. Left Lung: Moderate, partially fibrotic infiltration above the 2nd 
interspace and 6th spine with small indefinite cavities peripherally; a few 
small isolated deposits scattered below this. Classification: Far advanced. 
Sanocrysin: 3.9 gm. in 10 injections as follows: December 6th, 0.1 gm.; 10, 
0.2 gm.; 14, 0.3 gm.; 18, 0.5 gm.; 23, 0.5 gm.; 29, 0.5 gm.; January 1, 0.3 gm.; 
5, 0.5 gm.; 10, 0.5 gm.; 14, 0; 18, 0.5 gm. Clinical Course during and after 
Sanocrysin Treatment: The first five injections were well borne, except for 
slight headache and dizziness. After the sixth treatment the patient had 
diarrhoea, and after the seventh nausea and anorexia. At this time he also 
complained of hoarsensess and a tickling sensation in the larynx. . During 
this period he had occasional fever, not exceeding 99.6°. As local symptoms 
and physical findings in the chest were stationary, activation of the tubercu- 
lous enteritis was suspected. The injection due on January 14, 1927, was 
omitted because of increased fever (101°), nausea, and occasional vomiting. 
These symptoms had subsided on January 18, when he received the tenth and 
last injection. Following this, anorexia and vomiting were more pronounced. 
Two days later (January 20) jaundice appeared and bile was present in the 
urine. Jaundice persisted, accompanied by more or less continuous gastro- 
intestinal symptoms of nausea, vomiting, epigastric pain, and diarrhoea alter- 
nating with constipation. After February 5, 1927, there were frequent in- 
tervals during which the patient was stuporous, irrational, and slightly dis- 
oriented as to time and place. Later these mental symptoms increased. 
On February 8, toward 6 P.m., he lapsed into a low muttering delirium. The 
jaundice had progressively deepened, until at this stage the skin was of a 
deep mahogany color, and the sclerae and buccal membrane were deeply 
pigmented. Up to this time he recognized his father, but not afterwards. He 
was restless and there were involuntary movements and twitching of the 
muscles of the face and arms. The pupils were markedly dilated, but reacted 
sluggishly to light. Urine and faeces were passed involuntarily. The former 
was deeply stained with bile; the latter were diarrhoeal and small in amount. 
He vomited a few times. At 8 p.m. the pulse was practically imperceptible at 
the wrist. At the apex the heart sounds were of fair quality. He refused to 
take water by mouth and he was too restless for a rectal drip. Hot packs were 
given to increase elimination. Caffein sodium benzoate, gr. 7}, was given 
hypodermically to be repeated every four hours. At 10 p.m. the pack had 
not induced sweating, but mentally the patient became more quiet. He 
vomited once. At 2 a.m., February 9, he was quite delirious, shouting and 
raving, and morphine, gr. 4, was given. At 5 a.m. he had a profuse sweat 
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following the third and last pack. He then passed into deep coma, cheeks 
puffing in and out with respiration. The pulse was almost imperceptible at 
the wrist, and marked cardiac irregularity and pulse deficit were noted. On 
percussion the area of cardiac dulness was found enlarged bilaterally, chiefly 
to the left. A systolic murmur was audible all over the precordium. Follow- 
ing an injection of caffein sodium benzoate there was some improvement of 
the pulse at the wrist, but coma persisted. At 9 a.m. the pulse became almost 
imperceptible and very irregular, and there were definite signs of relative 
mitral insufficiency. At 11:30A.m. he became moribund, and died about noon. 
Body Weight: On admission, 143 pounds; at the beginning of sanocrysin 
treatment 143 pounds; at the end of sanocrysin treatment 140 pounds. Spu- 
tum Weight: Before treatment 28 gm.; at the end of treatment 34 gm. Labora- 
tory Findings: Sputum: All specimens obtained were positive. Blood: No- 
vember 26, 1926, 4,700,000 erythrocytes, 81 per cent haemoglobin; January 
27, 1927, 4,800,000 erythrocytes, 82 per cent haemoglobin, 16,000 leucocytes, 
80 per cent polymorphonuclears, 8 per cent lymphocytes, 12 per cent mono- 
cytes. February 8, 1927, bleeding-time 9 minutes. February 9, 1927, plate- 
let count 337,500; clotting time of venous blood 1 hour, 45 minutes. The 
minimal resistance of erythrocytes in the fragility test was 0.36 per cent sodium 
chloride solution. Total white count 13,700, polymorphonuclears 90 per cent, 
lymphocytes 5 per cent, monocytes 5 per cent. A large percentage of the 
polymorphonuclear leucocytes showed extensive vacuolization of the proto- 
plasm. Many of the red cells were crenated. Both the direct and indirect 
van den Bergh reactions were positive. The prothrombin time was 2 hours 
and 30 minutes. Calcium content of the serum was 8.72 mgm. per 100 cc. 
No diacetic acid or acetone were detected in the plasma. February 7, 1927, 
0.168 mgm. of fibrin per 100 cc. of plasma. All the rest of the blood chemistry 
findings were within normal limits. Urine: The pathological products as de- 
scribed appeared at the end of January, 1927. After January 20, 1927, all 
specimens of urine showed an increasing content of bile pigments. LErythro- 
cyte Sedimentation Tests: December 1, 1926, 30; January 7, 1927, 3; February 
7, 1927, 0. Other Clinical Changes: The laryngeal lesion showed some pro- 
gression, evidenced by more marked injection of the cords and more heaped- 
up erosion of the posterior commissure. A second gastrointestinal X-ray 
examination showed more extensive filling defects and hypermotility in the 
ileocaecal region. Réles in the lungs became less numerous and less moist, 
but were heard practically over the same area of the chest. X-Ray Changes: 
The films taken January 5 (one month after starting sanocrysin and thirty- 
five days before death) showed slight further clearing of the pulmonary lesions 
with a tendency to fibrosis. Summary and Evaluation of Result: Bilateral 
pulmonary tuberculosis distributed irregularly. The lesions were of mixed 
exudative and productive type, the exudative predominating on the left, 
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especially toward the base. The patient also had early tuberculous laryngitis 
and early tuberculous enteritis, the latter diagnosed by X-ray only. During 
the six months’ residence in the sanatorium preceding sanocrysin treatment, 
slight healing changes occurred in the pulmonary lesions, the general condition 
remained practically stationary, and the sputum was constantly positive for 
tubercle bacilli. The patient received 3.9 gm. of sanocrysin in ten injections 
between December 6, 1926, and January 18, 1927. Following the ninth in- 
jection he had fever, nausea and vomiting. These symptoms were not unlike 
those observed in other patients and afforded no distinctive warning of the 
serious events to follow. In accordance with the rules of extreme caution 
followed in treating all these cases, the next scheduled injection of sanocrysin 
was omitted. The symptoms subsided, and the tenth and last injection (0.5 
gm.) was given after an interval of eight days from the preceding one. 

Twenty-two days later the patient died from metallic poisoning. The evi- 
dence of poisoning was as follows: 1. Urinary findings indicating kidney 
damage. 2. Symptoms of severe gastroenteritis, not explainable on the basis 
of the previously existing but asymptomatic tuberculous enteritis. 3. Clini- 
cal signs and laboratory (blood and urine) findings proving severe damage in 
the liver. 4. Clinical symptoms indicating affection of the central nervous 
system. 5. Heart failure. The early laryngeal and intestinal tuberculosis 
became only slightly worse during treatment; the pulmonary lesions slightly 
better. Tuberculosis, therefore, did not cause death. There was no acidosis. 
Carefully. planned watchfulness detected no sign during the course of treat- 
ment that severe poisoning was impending. Death was clearly attributable 
to the drug. Following the treatment, the tuberculosis was considered to be 
slightly worse; toxic effects of the drug, fatal. 
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THE SANOCRYSIN TREATMENT OF PULMONARY 
TUBERCULOSIS IN THE WHITE AND 
NEGRO RACES! 


BENJAMIN L. BROCK? 


“Certain animals inoculated with a known tubercle strain which acts 
fatally on control animals can be restored to permanent health if Sano- 
crysin is injected into them intravenously in a certain dosage, given at 
the right time.” This broad statement was made by Mgdllgaard follow- 
ing his original experimental work. Since the completion of this work, 
numerous European writers have published their findings on the clinical 
effect of sanocrysin on pulmonary tuberculosis. The results obtained 
by these authors have been decidedly variable, due undoubtedly to the 
varying types of tuberculosis treated as well as to the size of the dose 
and the frequency of administration of the drug. 

Until comparatively recently most of the cases selected for sanocrysin 
treatment have been those in the chronic phases of the disease. Thus far 
all investigators have stated that very little if any clinical improvement 
or X-ray change has resulted following the use of this drug in such cases. 
Very favorable results, however, have been obtained by some of those 
who chose for treatment cases with the exudative type of lesion. From 
the theoretical point of view it would seem that best results would be 
obtained in this type of tuberculosis since it approaches more closely 
tuberculous disease as treated by Mgllgaard in recently infected animals. 
This has been found to be the case by various European writers, put 
more particularly by Gravesen who was one of the first to test the clinical 
effect of sanocrysin on pulmonary tuberculosis. This author has con- 
cluded that “the clinical effect of sanocrysin of whatever nature it may 
be, corresponds to that of M¢lgaard’s experimental work.” 

Knowing the effect therefore of sanocrysin on acute exudative tuber- 
culosis as reported by this author, it was felt that good results should be 
got in the almost purely exudative type of lesion seen not infrequently 


1 Read at a meeting of the American Sanatorium Association, Syracuse, New York, May 
11, 1931. 
2 Waverley Hills Sanatorium, Waverley Hills, Kentucky. 
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in the negro. Asa matter of fact, the lesion often resembles that of the 
first infection as we see it in the white child. The pathology of this type 
of lesion in the adult negro has been described by Opie and his findings 
have been duplicated in two or three of our own postmortem examina- 
tions. To give sanocrysin an honest clinical trial it would appear that 
the acute tuberculosis in the negro should be chosen for treatment since 
no form of acute tuberculous disease in the white adult quite so nearly 
approaches in type the disease as seen in recently infected animals. 
Therefore a series of negro patients with this type of lesion was first 
selected for treatment, and later a series of white patients was chosen. 


PROCEDURE AND COMPLICATIONS 


Before presenting the results obtained in this investigation a word will 
be said concerning the technique of administration and dosage of the 
drug. The symptoms which occur and the precautions which have to be 
observed during treatment will also be discussed in brief. 

Two courses of treatment were given to the majority of patients studied, 
5 gm. of the drug being administered in each course. A period of about 
six weeks was allowed to elapse between courses. Gravesen’s procedure 
was largely adopted and the drug was given to most of the cases intra- 
venously in graduated doses dissolved in 5 or 6 cc. of sterile distilled 
water. Several pyopneumothorax cases infected with tubercle bacilli 
received treatment directly into the pleural cavity. The initial dose was 
0.10 gm. and the maximum dose reached in the first course was 0.85 gm. 
In a few of the well-nourished patients a maximum dose of 1.0 gm. was 
reached in the second course. The time-interval between doses generally 
corresponded in days to the number of decigrams given in the last injec- 
tion, provided the drug was well tolerated. Otherwise the amount 
given in the last dose was repeated. It is felt that many reactions were 
prevented by avoiding the larger doses, even during the second course. 
No very serious reaction occurred in the course of this investigation. 
The complications resulting from the use of sanocrysin and which con- 
traindicate the further use of the drug are as follows: protracted and 
pronounced fever, dermatitis or stomatitis and persistent albuminuria. 

Out of 46 cases studied there were six in which it became necessary to 
discontinue the drug due to one of these complications. Four cases 
developed dermatitis and stomatitis, two of which were moderately 
severe. One had a protracted fever and an albuminuria which persisted 
for about six weeks after discontinuance of the drug. This patient 
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showed a very definite X-ray clearing, but six weeks later there was 
evidence of a slight increase. This is the only white patient which has 
shown an increase following sanocrysin treatment but this patient re- 
ceived only one course of treatment. Another case reacted violently 
following the direct introduction of the drug into the pleural cavity. In 
only one other case was it thought advisable to discontinue the treatment 
before the second course was started and this was due to the extreme 
nervousness and irritability of the patient. Whether or not these 
symptoms were brought on by sanocrysin cannot be said with certainty. 
Other symptoms occurring during the course of treatment in this series 
include, in order of their frequency, slight transient albuminuria, tem- 
porary elevation of temperature, nausea and vomiting, loss of appetite, 
loss of weight, itching of the skin, abdominal cramps, and diarrhoea. 
Slight swelling of the lymph nodes in the neck and axilla occurred in 
two patients. In one case there was marked thirst for several days. 


RESULTS 


The results in this investigation are based upon the study of 17 negro 
patients and 29 white patients, all of whom have received sanocrysin 
treatments within the past year. Of these, 40 were given the drug 
intravenously, whereas the remaining six were treated directly into the 
pleural cavity. Three cases in which it became necessary to discontinue 
the drug early in the course of treatment are not reported in the tables. 
The selection of cases for study was based entirely on the X-ray findings 
and only those were taken who showed, as the chief lesion, shadows 
interpreted as representing an exudative process. Most of the white 
patients selected had been in the sanatorium for several months. The 
lesion in many of these cases was very sluggish in character and had 
shown little or no X-ray improvement on ordinary routine sanatorium 
care. Other cases selected were those which had shown a recent exuda- 
tive spread superimposed upon an underlying fibrotic process. A few 
of the cases having small cavities received phrenicectomy as an aid to 
the closure of these cavities. Some of the cavities became evident only 
_after a partial absorption of the exudative process took place. Phrenicec- 
tomy was performed in these cases only as a secondary measure and the 
operation was done on most of them only after the exudation had shown 
its maximum clearing following sanocrysin treatment. Most of the . 
cases receiving phrenicectomy were definitely benefited in that the 
cavities were obliterated or greatly reduced in size. All of the white 
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patients treated with sanocrysin showed moderate to marked clearing 
of the exudative lesion. It is clearly acknowledged that acute tubercu- 
losis under early routine sanatorium care has, as a rule, a good prognosis 
without the use of sanocrysin, but it cannot be disputed that some of 


TABLE 1 


Exudative tuberculosis treated with sanocrysin alone and in combination with phrenicectomy in 26 
white patients 


PATIENTS 
PATIENTS WITH 
PATIENTS TREATED PYOPNEU- 
TREATED WITH MOTHORAX 
STAGE WITH SANOCRYSIN| TREATED SUMMARY 
SANOCRYSIN AND DIRECTLY 
ALONE PHRENICEC- INTO 
TOMY PLEURAL 
CAVITY 


A. Classified according to X-ray at beginning of treatment 


Moderately 2 3 0 5 


B. Classified according to X-ray results 


Moderate 2 4 8> 92.4% 

0 1 0 1 3.8% 

C. Classified according to clinical results 

10 9 4 23 «88.6% 
Of 1* 0 1 2 7.6% 
D. Classified according to bacillary findings in sputum and pleural fluid before and after treatment 
Tubercle bacilli -+- before, + after....... 3 3 3 9 34.6% 
Tubercle bacilli ++ before, 0 after........ 3 6 2 11 42.3% 
Tubercle bacilli 0 before, 0 after......... 5 1 0 6 23.1% 


Note: With few exceptions all of the above patients are either on or are ready for graduated 
exercise. 
* One course. 


these cases under the best of sanatorium treatment will continue to 
spread with untoward results. Since all of the white cases in this series 
did remarkably well under sanocrysin treatment and since no spreads 
occurred in any case receiving two full courses of the drug, it must be 
concluded that sanocrysin has a remarkable clinical effect upon .acute 
exudative tuberculosis in the white patient. 
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Such was not found to be the case, however, in the negro. Of the 
negro patients selected for treatment, most all of them were taken rou- 
tinely from the recently admitted cases. Whereas the white patient on 
admission is most often well beyond the acute phase of the disease and 
shows for the most part a chronic lesion, the negro often shows on admis- 


TABLE 2 


Exudative tuberculosis treated with sanocrysin alone and in combination with phrenicectomy 
f and pneumothorax in 17 negro patients 


PATIENTS 


PATIENTS 

TREATED WITH SAN 

STAGE SANOCRYSIN SUMMARY 
PHRENICECTOMY 

ALONE AND 


PNEUMOTHORAX 


A. Classified according to X-ray at beginning of treatment 


Moderately advanced 2 4 6 


ing to X-ray results 


1 1 2 


D. Classified according to bacillary findings in sputum and pleural fluid before and after treatment 


Tubercle bacilli + before, + after.......... 5 t 9 53.0% 
Tubercle bacilli + before, 0 after........... 2 2 4 23.5% 
Tubercle bacilli 0 before, 0 after............ 4 0 4 23.5% 


Note: No patient in the above group is at present able to go on graduated exercise. 


sion an exudative lesion not unlike that seen in the acute childhood 
type of tuberculosis. Too often, however, this lesion is beyond treat- 
ment of any kind, due chiefly to the rapidity of its spread. The tempera- 
ture of the negro with this type of lesion is usually septic in type, coming 
to normal or almost so in the morning and going frequently as high as 
105° in the evening. In other cases a constantly high fever is seen but 
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this is not the rule. The temperature in these cases has been found to 
run slightly higher than in white patients with similar disease. 

The degree of improvement following intravenous treatment is based 
chiefly upon clearings as indicated on X-ray. It has been found that all 
cases showing definite X-ray improvement have also shown improvement 
in their clinical course, as evidenced by a feeling of well-being not previ- 
ously experienced, and by a gain in strength and weight. Most of the 
patients who expectorated prior to sanocrysin treatment experienced a 
marked reduction in the amount of sputum following treatment, and it 
has been noted that the sputum changed in many cases from a purulent to 
a mucoid consistency. The results obtained on examination of the 
sputum for tubercle bacilli following treatment are contained in one of 
the tables. Since all of the cases have been treated within the past year 
it is obvious that late results cannot be given at this time. In a few of 
the negro patients sanocrysin seemed for a time to arrest the progress 
of the disease but there was little if any clearing noted on X-ray. The 
lesion remained stationary for a while and finally began to progress again. * 
Two cases with fairly good working collapse following artificial pneu- 
mothorax remained stationary for about eight months and then had a 
definite spread to the contralateral lung. There have been only two or 
three negro patients who as yet have not shown an exacerbation of the 
lesion following definite clearing received after sanocrysin treatment. 
The cases in which the disease was temporarily arrested improved clini- 
cally and two or three of them with the septic type of temperature experi- 
enced great relief following the return of the temperature to normal. 

In this investigation improvement has not been based upon change in 
physical signs. Since rales vary from time to time in the same individual 
it was felt that they should not be used as a basis for diagnosis of extent 
or character of the lesion. 

Of the 5 white patients receiving treatments directly into the pleural 
cavity, three completed the two full courses of sanocrysin. All spoke of 
a feeling of well-being which they did not experience before treatment 
was begun. All patients had a purulent fluid infected with tubercle 
bacilli. The effect of the sanocrysin was to increase greatly the intervals 
between tappings of the chest and there was a tendency toward a re- 
duction in numbers of bacilli in the infected fluid. One of the patients 
in whom it had been necessary to remove infected fluid at frequent 
intervals over a year’s period lost her fluid entirely following one course 
of treatment. Another case following treatment required guinea-pig 
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inoculation to determine whether the fluid was positive or not. Still 
another case had a highly positive fluid which had to be removed at 
frequent intervals. This had persisted over a year’s period. At the 
end of the first course the fluid was much thinner and formed much more 
slowly. Previous to treatment the fluid had always shown large clumps 
of bacilli on microscopic examination. After completion of this course 
several specimens showed only Gafiky I and II. In spite of this, how- 
ever, the patient went on to a fatal termination a few weeks later. She 
developed mural abscesses and also a jaundice which lasted for three 
weeks. The patient gave a history of having had jaundice on a previous 
occasion and it could not be determined whether the sanocrysin was 
responsible for it or not. The jaundice cleared before the patient’s 
death. 
DISCUSSION 


At the beginning of this investigation it was felt that sanocrysin would 
_ exert a very beneficial effect upon the exudative tuberculosis in the negro 
which not infrequently resembles the first infection as we see it in the 
white child. This conclusion was based upon the results obtained by 
M@llgaard in his original work on recently infected animals. It was 
thought that the exudative type of lesion in the negro would more closely 
compare with disease in recently infected animals than would that in the 
white patient. 

The results with sanocrysin in the negro, however, have proved to be 
disappointing when we compare them with the very favorable clinical 
effect obtained in the white patient. For this reason it is believed that 
the statement made by Gravesen, that ‘cases must be chosen which are 
in a condition as nearly as possible in agreement with that of recently 
infected animals” must be modified. The acuteness of the lesion does 
not seem, from results obtained in this investigation, to be the chief 
requisite in selecting cases for sanocrysin treatment. A certain amount 
of immunity to the disease in these particular cases must be present. 
This immunity, whether acquired or inherent in the race, is reflected in 
the type of pathological process as interpreted on the X-ray film and in 
the type of reaction of the individual to the disease as indicated by the 
leucocytic picture in the peripheral blood-stream. Cases showing an 
admixture of infiltration and fibrosis with the exudative process in the 
lungs have shown decidedly more resistance than those showing almost a 
pure exudation. This resistance manifests itself in the type of blood 
picture found and in the favorable response to sanocrysin treatment. 
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In a previous article by the author on the Réle of the Leucocytes in 
Tuberculosis the negro patients were classified according to X-ray into 
three general groups. The first or favorable group comprised those 
cases showing a scattered infiltration and fibrosis without collateral 
inflammation or cavity-formation. The second and largest group con- 
sisted of those cases corresponding to the most unfavorable chronic 
type of disease seen in the white adult. The X-ray in this group showed 
varying amounts of infiltration and fibrosis with or without collateral 
inflammation, but in practically all cases cavity-formation was present. 
The third group was composed of massive exudative disease resembling 
on X-ray a first infection as seen in the acute childhood type of tubercu- 
losis. The life of this group has been found to be comparatively short 
and in many instances death occurs in a few months. In fact, no form 
of specialized treatment has been found beneficial in such cases in the 
long run. Cavity-formation frequently occurs in this type of disease 
before death, but fibrosis is uncommonly found. In two or three cases 
at autopsy we were able to find no evidence of calcification in the hilum 
nodes or lung proper, and the lesion otherwise resembled the acute 
childhood type of tuberculosis. 

The monocyte has been found to play by far the most important rdéle } 
in the blood picture of this type of disease in the negro. Unlike the | | 
findings in cases showing infiltration and fibrosis as in the second group | 
mentioned above, there was no evidence of a periodic fluctuation of the } 
monocyte level above and below the normal. Such a picture we would 
interpret as meaning alternating phases of activity and arrest of the 
disease. Such a picture would carry with it the idea of chronicity with 
the well-known clinical periods of relapses and remissions. The mono- 
cyte in the third group, in which we are dealing with exudation per se, 
shows no tendency to fluctuate, but on the contrary remains constantly 
elevated above the normal level indicating continuous spread of the 
disease. In no such case of exudative tuberculosis in the negro has the : 
author observed complete healing of the lesion. Occasionally clearings 
take place but in such cases an underlying infiltrative or fibrotic process 
can be found. 

Elevation of the lymphocytes in the peripheral blood has been found to 
be associated with healing of the lesion and when this elevation exists in 
the presence of a normal monocyte and neutrophile count, arrested 
disease and resistance of the individual are indicated. In the massive 
exudative tuberculosis in the negro in which the monocyte and neutro- 
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phile play the chief réle, the lymphocytes are also in many instances 
above normal in percentage. Here the lymphocyte is making an en- 
deavor to heal the process but is unable to do so against such great odds. 
The size of the infecting dose of tubercle bacilli, together with their 
virulence, might be partially responsible for the variation in the type of 
pathological process in the lungs and also the variation in the type of 
blood picture, but it is believed particularly that the lack of acquired or 
inherent resistance in the negro is responsible for such a reaction. Per- 
haps due to a comparative lack of repeated seeding or reinfection of the 
negro child with tubercle bacilli, as suggested by Opie, the lymphocyte 
and lymphocytic tissue fail to undergo a qualitative change during 
the years of the preadult period and therefore do not acquire the neces- 
sary stimulus or immune quality to ward off the organisms as would be 
the case in individuals showing calcification and fibrosis, or, in other 
words, signs of previous infection and healing of the lesion. 

It has been suggested by Petroff that during the periods of clinical 
remissions the tubercle bacillus is distinctly less virulent than is the case 
during relapse or spread of the disease. This might be partially responsi- 
ble for the fluctuation of the monocyte in the blood-stream in this type 
of case and for the continuous high elevation of them in the exudative 
tuberculosis in the negro where there is no evidence of a clinical resmis- 
sion. It may explain too why sanocrysin is distinctly beneficial in the 
former group and is of no practical avail in the latter. Sanocrysin might 
act much more effectively ou the bacillus during its period of lessened 
virulence. 

It has been shown that ultraviolet irradiation causes an outflow of 
lymphocytes in the peripheral blood-stream. This suggests the possible 
effect that the natural exposure to the sun’s rays might have upon the 
development of resistance in an individual during his preadult life and 
the possible qualitative change it might have produced in the lymphocyte 
forming tissue in altering the immunity process. Comparative lack of 
absorption of sun rays in the negro due to his pigmentation might be a 
factor in his lessened resistance to the disease. 

The question of the reversal of the childhood type of leucocytic blood 
picture to that of the adult type has not been explained. Could this 
reversal of picture be the result of reinfection with tubercle bacilli and 
possibly with other organisms during childhood and in this period could 
it not be conceived that the lymphocyte acquires certain immune charac- 
teristics with relation to the tubercle bacillus and other organisms? In 
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other words, the hypothesis might be put forward that the infant is 
supplied with an overabundance of lymphoid tissue but this tissue does 
not take on the sufficient immune characteristics until the individual 
has been gradually seeded with tubercle bacilli and other organisms 
throughout the preadult period. 

Since it has been shown that the white patient has a much greater 
resistance to tuberculosis than the negro, when like pathological proc- 
esses are selected for comparison in both races and when both groups 
are treated under the same conditions in the sanatorium, and since the 
white patient has shown excellent results under sanocrysin treatment 
as compared to the poor results in the negro, the above hypotheses have 
been set forth in an endeavor to possibly explain these exceedingly 
interesting differences in the reaction to the disease in the two races. 


SUMMARY 


1. Sanocrysin has a remarkable clinical effect upon exudative tuber- 
culosis in the white race. 

2. Prenicectomy has been used successfully as a secondary measure 
in some of the cases with activity. 

3. Sanocrysin has very little effect in checking the progression of 
acute exudative tuberculosis in the negro race. 

4, Certain hypotheses have been set forth in an endeavor to explain 
the differences in reaction to the disease in the two races. 


I wish to express to the Dansk Chemo-Therapeutisk Selskab, of Copenhagen, Denmark, 
and Parke, Davis & Company my deep appreciation of their kindness in supplying the neces- 
sary Sanocrysin for the experimental work. Without this codperation the work would have 
been impossible. 


BIBLIOGRAPHY 


(1) GRAVESEN, J.: The value of sanocrysin in relation to the different phases of pulmonary 
tuberculosis, Tubercle, February, 1930. 

(2) Kocu, F. E.: Uber Sanocrysinbehandlung der menschlichen Lungentuberkulose, Beitr. 
z. Klin. d. Tuber., 1930, lxxiii, 751. 

(3) Opre, E. L.: Amer. Rev. Tuberc., 1924, x, 265. 

(4) Opre, E. L.: The epidemiology of tuberculosis of negroes, Jour. Outdoor Life, September, 
1930. 

(5) Brock, B. L.: The réle of the leucocytes in tuberculosis, Amer. Rev. Tuberc., 1930, 
xxi, 745. 

(6) Brock, B. L., anp Buack, S.: Tuberculosis in the negro. Further studies on the réle 
of the leucocytes in tuberculosis, Amer. Rev. Tuberc., 1931. 

(7) Perrorr, S. A.: Personal communication. 

(8) Spence, K., anp Grirritu, H. D.: Report of the Medical Officer of the City of Aberdeen, 

p. 48. 


| 
i 


UNDULANT FEVER AND PULMONARY TUBERCULOSIS 


A Report of Two Missed Cases 
A. LEE BRISKMAN! 


Our purpose in presenting this paper is threefold: (1) to emphasize 
the ease with which cases of pulmonary tuberculosis and undulant fever 
may be confused; (2) to call attention to the blood-picture in this disease; 
and (3) to stress the value of the skin test in diagnosis. 

The Union Printers Home receives its patients from cities throughout 
the United States and Canada. Before being admitted, the patient must 
submit his physical-examination papers from a reputable physician. 
During the past year two cases of undulant fever were admitted with 
diagnoses of incipient pulmonary tuberculosis. No reflections are cast 
upon the physicians who made the diagnoses. Our purpose is merely 
to show the ease with which tuberculosis can be confused with undulant 
fever. 


REPORT OF CASES 


The first case shows how confusing the patient’s history may sometimes be. 
Of particular interest is the blood count, the positive skin test following nega- 
tive blood agglutinations, and the history typical of pulmonary tuberculosis. 
Case 1: Mr. C. B., age 38, admitted to the sanatorium from California, with 
a diagnosis of pulmonary tuberculosis. Gave history of loss of weight, ‘loss 
of pep,’ night-sweats, and pain in chest. Duration of illness four months. 
Previous health unusually good. Passed insurance and industrial health 
examinations yearly for past four years. Patient stated that after onset he 
didn’t have enough strength to pick up his children and kiss them as he used 
to do on returning home from work. Used to bea fast worker but became slow 
and phlegmatic. Two months after onset, patient began to cough and raise 
sputum. Had severe night-sweats and ran evening temperature between 102° 
and 103°. Patient states that he was told his sputum was positive for tubercle 
bacilli. At time of admission pulse and temperature were normal and remained 
so during entire residence here. Physical examination of chest and roentgeno- 
graphic studies revealed nothing more than chronic bronchitis. X-ray of 
sinuses revealed no pathological changes. Repeated sputum examinations 
negative for tubercle bacilli. Urinalysis and blood Wassermann negative. 
Blood sedimentation 19 mm. (Cutler 1-cc. method, the normal being 8 mm.). 


1 Union Printers Home, Colorado Springs, Colorado. 
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Schilling blood differential showed leucopoenia, with relative lymphocytosis 
and slight shifting to left. Upon further questioning, patient admitted that 
he was fond of milk and had been consuming large quantities of raw milk. 
Agglutination test, ordered by our medical director, Dr. Chas. O. Giese, re- 
ported negative. Dr. Walter Simpson of Dayton, Ohio, kindly supplied us 
with Brucella abortus vaccine, 0.1 cc. of which, when given intracutaneously, 
produced very definite induration within 24 hours. Sample of blood then sent 
to Dr. Simpson who reported a strongly positive agglutination of Brucella 
abortus and Brucella melitensis organisms in all dilutions to 1:2560, thus con- 
firming our clinical diagnosis of undulant fever. Patient ran uneventful course 
and left in April, 1930, having gained 10 pounds in weight. Blood count at 
this time had returned to normal limits, as well as blood sedimentation (6 mm.). 
No specific treatment was indicated. A follow-up communication in Decem- 
ber, 1930, informed us that the patient was working hard and had suffered no 
relapse. 


The second case is of interest because it was also diagnosed as pulmonary 
tuberculosis. It differs from the above, however, in that the blood count, 
although strongly suggestive of undulant fever, is less typical. The unusually 
high lymphocyte count and the leucocytosis would lead one to suspect some 
other condition, especially an involvement of the blood-forming organs. 

Case 2: Mr. G. N., age 27, admitted to Sanatorium in January, 1931, from 
Chicago, with diagnosis of pulmonary tuberculosis. Had been in good and 
vigorous health until March, 1930, when he contracted bad cold, was unable 
to do as much work as previously, and tired very easily. Continued working 
until November, 1930, when contracted fever, began to lose weight, and devel- 
oped cough with expectoration. Also complained of anorexia and night- 
sweats; the latter he states had a very offensive odor. Was told that he had 
incipient pulmonary tuberculosis and ordered to bed. Sputum reported 
negative. Patient states that for about two weeks temperature ranged 
around 103°, gradually returning to normal. At time of admission, tempera- 
ture normal and pulse-rate between 90 and 100. Physical and roentgeno- 
graphic examinations of the chest revealed no pathological changes. Rest 
of physical examination normal with exception of enlarged spleen. Ba- 
sal metabolism within normal limits (plus 9). Sputum tests all negative. 
Urine normal. Blood Wassermann negative. Blood sedimentation nor- 
mal (2 mm.). Intracutaneous tuberculin test repeatedly negative. Patient 
a young healthy-appearing male, with no present complaint except that of 
fatigue. Up to this point nothing abnormal was found in physical examina- 
tion except enlarged spleen. Schilling differential showed leucocytosis with 
absolute lymphocytosis. When questioned again, patient stated that he 
drank a quart of raw milk daily for six weeks prior to onset of present illness. 
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Skin test was then run and patient developed marked reaction, both local and 
general. He stated that the reaction produced the same symptoms that he 
had at onset of present illness. Blood sent to Dr. Simpson, who reported 
strongly positive agglutination in all dilutions to 1:1280. Blood was sent to 
Dr. Simpson in both cases, as we probably did not have the proper strain in our 
laboratory to produce agglutination, thus accounting in all probability for our 
negative results. The clue to the diagnosis in this case was the enlarged spleen, 
the very high lymphocyte count and the history resembling pulmonary tuber- 
culosis with negative findings of the latter. Skin and agglutination tests con- 
firmed our diagnosis. The patient gained weight, remained afebrile and 
vacated on February 18, 1931. No treatment, other than rest, was found 
necessary. 


COMMENT 


Both cases demonstrate the value of careful history-taking. The 
histories, although typical of tuberculosis, gave almost conclusive evi- 
dence of undulant fever to one keeping the possibility of this infection in 
mind. The first finding that enabled us to suspect undulant fever in 
both cases was the blood picture. An unaccountable lymphocytosis 
should make one suspect this condition. A leucopoenia is frequently 
present, but not always so, as seen in the second case. Following is a 
study of the differential blood counts in both cases. 


ERYTHROCYTES 
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Case 2 
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The blood picture in the first case will lead one to suspect undulant 
fever. That of the second case is not so typical. The high lymphocyte 
count may be confused with other conditions, especially the atypical 
leukaemias. In both cases it will be noticed that the monocyte count 
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was markedly increased as the patient improved. The altitude, how- 
ever, may have been a factor in the increase. 

The following results emphasize the value of a positive skin reaction: 
Ten patients whose diagnoses were still undetermined were studied with 
the intention of ruling out undulant fever. The commonly associated 
diseases, such as malaria, typhoid fever, influenza, Vincent’s, were ruled 
out. Only two were tuberculous suspects, but all gave a history of hav- 
ing consumed raw milk over along period. Every one had a leucopoenia 
and lymphocytosis. None had a palpable spleen. All ten had had fe- 
brile periods. The skin tests, however, were negative in every case. 
One can readily conclude that one or two positive symptoms or findings 
will suggest undulant fever but are not sufficient for a diagnosis. 

The distribution of cases throughout the United States from a period 
prior to 1928 to 1930 are well illustrated by Simpson (14). Of the 2,365 
recorded cases of undulant fever, only 498, or approximately 20 per cent, 
are reported in the 17 states west of the Mississippi. The remaining 
1,867 cases are distributed among the 31 states east of the Mississippi. 
It is possible that in the western states a number of cases of undulant 
fever are being treated for pulmonary tuberculosis, perhaps with the diag- 
nosis having been made elsewhere. 

It is interesting to note that one state reports 363 cases while seven 
surrounding states of about the same population report the following 
number of cases: 61, 46, 72, 150, 7, 9, 37. Over 67 per cent of the 
cases were reported in 1928 by eight states, namely, Kentucky, Georgia, 
Iowa, Missouri, Illinois, Indiana, Tennessee and Kansas. Relatively 
few goats are to be found in these states, which have mainly cattle and 
hog industries (Bancker (2)). 


TECHNIQUE OF AGGLUTINATION TEST 


Just recently we have begun using the rapid agglutination test of 
Huddleson in preference to the “slow” or test-tube method. The 
technique described herewith is taken in part from the descriptive circu- 
lar accompanying Mulford’s Anitigen-Huddleson. 


Materials for the test: 

1: Clean sterilized glass vials, 5 to 10 cc., with cork stoppers, for collecting 
blood samples. 

2: Serological pipettes of 0.2-cc. capacity graduated to 0.01 cc. 

3: Two or three plates of double-thickness window glass ruled with diamond- 
point into inch squares. A convenient size is 14 by 6 inches, with 12 squares 
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ruled horizontally by 5 squares vertically, leaving a blank margin of 3 inch 
around the bottom and top of the plate and 1 inch on the ends. 

4: Dark-field illumination box (optional). This apparatus, while of un- 
questionable value for making readings, may be dispensed with if the glass 
plate is placed upon an ordinary laboratory table with a black background. A 
convenient-sized box, 14 inches long by 9 inches wide and 8 inches deep, can 
be constructed from 3-inch material. One side of the top is covered to a width 
of 3 inches to protect the eyes of the operator from the lights which are placed 
just under the top extension piece near the ends. The inside of the box behind 
the lights is painted white and the remainder black. This serves to produce a 
black background for objects placed on the plate which receive their illumina- 
tion indirectly. A snap switch on the cord controls the lights. 

5: Package of Antigen-Huddleson. 

6: Clean toothpicks for mixing serum and antigen on the glass plate. 


DIFFERENTIAL DIAGNOSIS 


Undulant fever, with symptoms of weakness and fatigue, loss of weight, 
fever, chills, sweats, chest pains, cough and expectoration, may well be 
confused with pulmonary tuberculosis. 

In the absence of clinical signs of acute pulmonary tuberculosis and 
persistently negative sputum, the high lymphocyte count was the first 


finding to make us suspect undulant fever. 

The train of symptoms of undulant fever, so well described by the 
following observers, Amoss and Poston (1), Giordana and Sensenich (8), 
Harbinson (9), Hardy (10), Huddleson and Johnson (12), Simpson (14), 
Simpson and Fraizer (15), Stitt (16), Watkins and Lake (17), Wainwright 
(18), can easily lead one to suspect one of the following conditions: 
tuberculosis, typhoid fever, malaria, influenza, acute abdominal condi- 
tions and arthritis. Coffey (3) calls attention to its resemblance to 
tularaemia. Stitt (16) states: “as a large proportion of the prostitutes of 
Malta showed infection and as M. melitensis was found in urine and vagi- 
nal discharges of many of these, it is possible that sexual intercourse may 
be a factor in transmission.”? This author also states that ‘‘the souring 
of milk does not destroy the germs of the disease, hence transmission may 
be brought about by butter and cheese.” Elsewhere in this text Stitt 
calls attention to the fact that it is the peripheral nerves more than the 
joints, for which the toxic effects of M. melitensis show a preference. 
“The sciatic nerve seems to be most often involved and sciatica may set 
in suddenly and acutely, to pass off in two or three days, leaving a sore- 
ness over the course of the nerve and a tendency to recurrence.” 
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CONCLUSIONS 


While one cannot draw definite conclusions from only two cases, it is 
not unreasonable to present them as possible problems in differential 
diagnosis. We have found the differential blood count to be of great 
diagnostic aid. 

The skin test should be employed in every suspected case. 

A leucocytosis should not ‘‘throw one off the track” when there is 
reason to suspect undulant fever. 

Cases with doubtful diagnoses presenting a lymphocytosis always rule 
out the possibility of undulant fever. 

Inquire into the consumption of raw milk as well as direct contact 
with infected cattle or hogs, in every routine history examination. Also 
find out if there has been a history of previous similar attacks. 

Atypical cases of pulmonary tuberculosis should be differentiated from 
undulant fever. 


REFERENCES 


(1) Amoss, H. J., AND Poston, H. A.: Undulant (Malta) fever, Jour. Am. Med. Ass., 1929, 
xciii, 170. 
(2) BANCKER, E. A.: The increasing importance of undulant fever, Ibid., October, 1929. 
(3) Correy, J. R.: Undulant fever and tularemia, Northwest. Med., November, 1929, 
(4) CrumsinE, S. J.: Undulant fever, Kentucky, M. J., March, 1930. 
(5) Current Comment: Undulant fever, Jour. Am. Med. Ass., 1929, xciii, 1475. 
(6) Current Comment: Undulant fever, Ibid., 1929, xcii, 150. 
(7) Editorial: Information and misinformation concerning undulant fever, Ibid., 1930, 
xciv, 1238, 
(8) Grorpana, A. S., AND SENSENICH, L. R.: Brucella abortus infection in man, J. Lab. 
& Clin. Med., February, 1930. 
(9) HarBrnson, E. J.: Undulant fever in California, Ann. Int. Med., 1930, iv, 484. 
(10) Harpy, A. V.: Undulant fever: a clinical analysis of one hundred and twenty-five cases, 
Jour. Am. Med. Ass., 1929, xcii, 853. 
(11) Horrman, A. M.: Treatment of undulant fever with acriflavine, Ibid., 1929, xciv, 
2169. 
(12) Huppeson, I. F., anp Jonnson, H. W.: Brucellosis: I. The significance of Brucella 
agglutinins in the blood of veterinarians, Ibid., 1930, xciv, 1905. 
(13) Jenxrns, P. K.: Brucella abortus infection, Ibid., 1929, xcii, 1593. 
(14) Smpson, W. M.: Undulant fever (Brucelliasis), Ann. Int. Med., 1930, iv, 238. 
(15) Sampson, W. M., AND FraizEr, Eunice: Undulant fever: report of sixty-three cases, 
Jour. Am. Med. Ass., 1929, xciii, 1958. 
(16) Stitt, E. R.: The diagnostics and treatment of tropical diseases, P. Blakiston’s Son and 
Co., Philadelphia. 
(17) Watkins, W. W., AND Lake, G. C.: Malta fever, with especial reference to the Phoenix, 
Ariz., epidemic of 1922, Jour. Am. Med. Ass., 1927, Ixxxix, 1581. 
(18) Warnwricut, C. W.: Malta fever in the United States; Bull. Johns Hopkins Hosp., 
September, 1929. 


H 
i 
451 
% i 


PURPURIC MANIFESTATIONS IN TUBERCULOSIS: 
JOSEPH GREENGARD 


Manifestations of a haemorrhagic diathesis in the course of tuberculous 
infection have been observed for many years. In spite of this fact rela- 
tively little has appeared in the literature regarding such cases, and the 
exact pathogenesis of purpura in tuberculosis is not well understood. 
Bensaude and Rivet (1) classify these cases into four categories: (1) cases 
of purpura occurring in acute miliary tuberculosis; (2) cases occurring in 
chronic pulmonary tuberculosis; (3) cases occurring in latent tuberculo- 
sis; and (4) cases occurring in the course of some extrapulmonary form 
of tuberculosis. 

Purpura in Acute Miliary Tuberculosis: In 1882 Landouzy (2) de- 
scribed an acute form of tuberculosis resembling typhoid fever in its 
onset and course. Pathologically these cases showed extensive involve- 
ment of the haematopoietic system with the occurrence of small necrotic 
foci in the bone-marrow, spleen, liver, and lymph nodes. Histologically, 
however, typical tubercle structure was missing in these foci. On the 
basis of these clinical and pathological observations Landouzy classified 
these cases as a distinct third form of acute tuberculosis in addition to 
miliary tuberculosis and caseous pneumonia, to which he applied the 
name typhobacillose. According to Gougerot, the first portion of the 
word indicates the clinical resemblance to typhoid fever. The second 
portion, bacillose, signifies the absence of typical tubercle structure, in 
other words, tuberculosis without tubercles. 

Since Landouzy’s original observation other investigators have re- 
ported similar cases. Reich (3) reports a case under the title of sepii- 
cemia tuberculosa acutissima. ‘This case was in an 18-year-old girl who, 
after a short period of weakness and malaise, noted haemorrhagic mani- 
festations in the skin. Physical examination of the chest was negative 
and purpuric manifestations continued until death. On autopsy necro- 
tic foci were found in the bone-marrow, spleen and liver. The tracheo- 
bronchial lymph nodes were caseous but no marked pulmonary lesions 

1 From the Cook County Children’s Hospital and the Pediatrics Department of the Uni- 
versity of Illinois, Chicago, Illinois. 
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were present. Histologically these necrotic areas showed no typical 
tubercle structure, but acid-fast granules were found. 

Eckel (4) reports a case of similar nature in a male, 34 years of age. 
The blood-picture in this man was unusual, showing haemoglobin 20 
per cent, red count 760,000, white count 8,600, and micromyeloblasts 
85 per cent. A clinical diagnosis of aleukaemic micromyeloblastic leuk- 
aemia was made. At autopsy tuberculosis of the ileocaecal region with 
caseous mesenteric lymph nodes was found. The liver and spleen were 
seeded with small grayish nodules. Microscopic examination revealed 
true epithelioid-cell tubercles in the mesenteric lymph nodes. The 
necrotic foci in the liver and spleen showed no evidence of typical tuber- 
cle structure. Bone-marrow sections were rich in erythrocytes, erythro- 
blasts, and haematopoiesis, myelocytes, myeloblasts, and megalokaryo- 
cytes. Necrotic foci were found in the bone-marrow. The anatomical 
diagnosis was tuberculosis of the haematopoietic system, type Landouzy. 
Eckel states that the description of a definite acute form of tuberculosis 
as described by Landouzy is not compatible with modern opinion. In 
these cases a violent blood-stream infection takes place, originating from 
an old lesion somewhere in the body. Such cases may therefore best be 
designated tubercle-bacillus sepsis. In this view he coincides with 
Sholz (5) and Rennin (6), who have elaborated the idea of sepsis tubercu- 
losis acutissima in these cases. As a result of the high degree of virulence 
and toxicity of the microérganisms a rapidly progressive illness develops 
with the anatomical production of necrotic foci without typical miliary 
tubercle structure. 

Sholz (5) explains the absence of typical tubercle structure in the 
following manner: From a focus somewhere in the body the blood-stream 
is flooded with numerous organisms of the highest virulence and toxicity. 
These, localizing in the tissues, produce a strongly necrotic reaction, and 
by their high degree of toxicity result in the severe symptomatology and 
fatal outcome. He reviews Baumgarten’s observations on the develop- 
ment of tubercle. After localization of tubercle bacilli in the tissues 
about a week elapses before specific tubercle-formation, that is, the ap- 
pearance of epithelioid cells. These epithelioid cells proliferate in the 
tissues by karyokinesis. But Baumgarten demonstrated that cells sur- 
rounding numerous bacilli show no karyokinesis. Cell proliferation, 
therefore, becomes limited. Irritation by the toxic products of the micro- 
organisms brings about a leucocytic infiltration. The cellular foci then 
disintegrate, and become necrotic and caseous without the stage of epithe- 
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lioid-cell formation having appeared. On the basis of this observation 
Sholz believes that the necrotic foci which show no typical tubercle 
structure merely represent a modified reaction of the tissues due to the 
virulence and toxicity of the organism. He feels that cases of typhobacil- 
lose are merely acute miliary tuberculosis and not a new type of acute 
tuberculosis as Landouzy believed. 

In Chronic Tuberculosis: In these cases, purpura usually occurs in the 
late stages of the disease and is usually of a simple cachectic type (1). 
Other types of purpura have been reported in chronic tuberculosis. 
Bauch (7) reports 3 cases of moderately advanced pulmonary tuberculosis 
that developed symptoms of purpura of Schoenlein’s type. All were 
prostrated, exhibited cutaneous haemorrhages in similar sites, and had 
spontaneous pneumothorax. No organisms were found in the blood 
and there was nothing characteristic about the blood picture. Cruice (8) 
reports 8 cases, all occurring in the late stages of pulmonary tuberculosis 
which he classifies as follows: one simple purpura, four simple cachectic 
purpuras, one a mechanical purpura by venous stasis, and one a simple 
_purpura or a toxic form complicating an intense icterus. Bergmann (9) 
reports a case of haemorrhagic diathesis in advanced pulmonary tuber- 
culosis. This patient was a young woman, with bilateral involvement 
and a cavitation on the left, who exhibited a definite cachectic anergy. 
Haemorrhages occurred from the nose, mouth and uterus, and petechiae 
beneath the skin. The blood showed an anaemia and a platelet count of 
310,000. The author classifies this case as a secondary symptomatic 
purpura. 

In Latent Tuberculosis: Bensaude and Rivet (1) believe that a true 
pretuberculous purpura exists, which makes its appearance long before 
any definite signs of tuberculosis are manifest. ‘These authors feel that 
in cases of purpura whose cause is not apparent, especially when chronic 
in character, a careful search for a tuberculous lesion should be made. 
This view finds confirmation in the opinion of many authors. Stokes 
(10), for example, feels that there is a very close relationship between 
certain skin manifestations of a vascular nature, such as purpura, ery- 
thema multiforme and erythema nodosum, and tuberculosis. He feels 
that all such lesions should be investigated very closely from the stand- 
point of tuberculosis. 

The Pathogenesis of Purpura in Tuberculosis: Rosenow (11) classifies 
purpuras into two large groups: (1) essential thrombopoenia or Werlhof’s 
disease and (2) athrombopoenic purpuras. In the latter group purpura 


| 

| 


PURPURA IN TUBERCULOSIS 455 


simplex and the anaphylactoid purpuras, such as Schoenlein’s and Hen- 
och’s purpura, are included. Purpura simplex often makes its appear- 
ance in the course of other illnesses as a symptomatic purpura, particu- 
larly in conditions associated with capillary damage, such as chronic 
icterus, cachetic states, certain of the nephritides, some infectious dis- 
eases, especially scarlet fever, severe anaemias, and leukaemias at times. 
In this type of purpura there is no definite alteration in the thrombocytes. 

In attempting to explain the causation of purpuric manifestations in 
tuberculosis a number of factors must be considered. Bauch (7) offers 
several hypotheses. He quotes Muir, as stating that tubercle bacilli 
form colonies in the superficial vessels where they act as an irritant. The 
toxins of tubercle bacilli act upon the superficial vessels and produce 
necrosis. Serum exuded into dependent portions produces pressure on 
superficial vessels and contributes to the occurrence of purpura in a purely 
mechanical fashion. Fibrinogen-forming cells in the liver are destroyed, 
thereby also delaying coagulation. Cruice (8) states that the pathogene- 
sis of these cases is undecided. He feels that the direct action of tubercle 
bacilli and tuberculous toxins upon the vessels is animportant factor. In 
addition, secondary invaders, such as streptococci, may play a part. 
Grenet (12) feels that an hepatic lesion is necessary, which produces 
alteration in the composition of the blood plasm. Bergmann (9) feels 
that the essential changes consist in damage to the capillary endothelium 
and alterations in the composition of the blood. In tubercle-bacillus 
sepsis (2) (3) (4) (9) massive necrotic foci are found in the hematopoie- 
tic system, especially the bone-marrow, and in this pathological process 
the haemorrhagic diathesis may find its explanation. 

Guiffre (13) reports a study of the platelet count and of the superficial 
capillaries in tuberculosis of childhood, with special attention to cases in 
which haemorrhagic manifestations occurred. He studied 15 tuberculous 
children, five of whom showed purpuric manifestations. In the capillary 
studies the author observed their form, using the capillary microscope of 
Ottfried Muller, and studied their resistance, using an apparatus devised 
by Riva-Rocci, consisting of a suction bell, 1 cm. in diameter, applied to 
the skin for one minute. Negative pressures of 5 to 25 cm. Hg. were 
applied, and the count of petechiae read with the naked eye. The results 
were most interesting. In cases of tuberculosis in which no haemorrhagic 
manifestations were present, the platelet count showed no constant 
change. The platelets were normal, increased or diminished, and 
particularly in febrile cases was a decreased count usual. In cases with 
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purpuric manifestations the platelet count was normal or somewhat 
increased. The capillaroscopic findings were normal in cases without 
skin hemorrhage. In contrast, the cases with skin haemorrhages showed 
changes in the capillary picture, which consisted principally in dilatation 
of the capillary loops and small vessels. This change in the capillary 
picture was associated with diminution in capillary resistance, either 
over the entire skin or localized in definite portions of the skin in the neigh- 
borhood of haemorrhages. In certain instances decreased capillary 
resistance was found in the absence of haemorrhagic manifestations. 
The author concludes from this that capillary resistance is not the only 
factor in the production of purpura. Changes in intracapillary pressure, 
speed of blood-flow, changes in the plasm, alterations in the bone-marrow, 
and changes in the vascular endothelium all may play a definite réle. 
From his findings Guiffre feels that alterations in the capillaries are of 
greater importance in the production of tuberculous purpura than 
_ changes in the platelet count. 


REPORT OF CASES 


Case 1: S. C., female Mexican child, aet. 3 years, admitted to Cook County 
Children’s Hospital, September 30, 1930. Perfectly well up to three months 
prior to admission when began to complain of abdominal pain. Progressive 
loss of weight and strength during this period. Cough noted for three days 
previous to admission. No history of any preceding illness or of tuberculous 
contact obtainable. Physical examination on admission revealed an emaciated 
child not acutely ill. Neck not rigid. Dulness with a few mucous clicks 
found over left upper lobe. Abdomen tense and protuberant. Ecchymotic 
area present over left side of neck, with moderate number of petechiae over the 
feet. October 2: Showers of petechiae over neck, chest, arms and thighs. 
October 4: Abdomen flat and could be examined. Liver down 7 cm., tender, 
edge irregular. Mass of irregular, firm, mobile nodules about the size of small 
orange felt below umbilicus in midline. October 6: Moderate rigidity of neck. 
October 7: Child lapsed into coma. October 8: Death. Clinical Diagnosis: 
Miliary tuberculosis with meningeal involvement and secondary purpura. 
Tuberculin Reactions: Negative October 2, 4 and 6. Spinal Fluid: Turbid; 
increased pressure; 1,260 cells, all lymphocytes. X-Ray: Moderate infiltration 
of upper one-third of left lung and tracheobronchial adenitis. Blood: October 
4: Haemoglobin 35 per cent, erythrocytes 2,000,000, leucocytes 3,650. October 
7: Haemoglobin 3.35 gm. (Newcomer), erythrocytes 1,225,000, leucocytes 6,400. 
Differential: Neutrophiles 77 per cent, lymphocytes 21 per cent, monocytes 2 
per cent, normoblasts 5 to 100 white cells. Platelets: 90,000, counting chamber; 
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50,000, slide method. Bleeding time, 73 minutes; clotting time, 14 minutes. 
Tourniquet Test: Numerous petechiae on dorsal surface of forearm and wrist. 
Retraction of clot began in 2 hours, and complete in 3} hours. 


Autopsy: (Dr. Richard Jaffé): The essential findings were as follows: 
Externally: Many purple red patches, up to 1 cm. in diameter, arranged in 
groups in supraclavicular regions, over shoulders, forearms, chest, upper abdo- 
men, and especially over anterior aspects of the thighs. Lungs: Right: Dis- 
tended, pale, and crepitant, with groups of firm nodules averaging 3 mm. in 
diameter. These nodules most abundant on posterior aspect. On sectioning, 
lung tissue pale, purplish-gray, and moderately moist. On the posterior por- 
tion of right upper lobe were firm, light gray nodes up to 6 mm. with darker gray 
centres. Left: The upper part of left upper lobe firm and covered by thick- 
ened pleura and fibrous tags. Remaining parts crepitant, with single, pinhead- 
sized, light gray nodules. Spleen moderately firm and dark purple. Cut- 
surface dark purple, with distinct follicles and pinhead-sized nodules. Liver 
soft, pale, smooth, and yellow-brown. Cut-surface showed uniform very light 
gray-brown color. Intestines: In ileum, many transverse ulcers, with irregular 
indented and raised edges. 

Lymph Nodes: At hilum of both lungs hard masses, diffusely caseated. 
Periaortic, peripancreatic, and mesenteric groups formed large masses, diffusely 
caseated and matted together. Bone-Marrow: Quite firm and purple-gray. 
Skull: Left middle ear filled with fibrinopurulent material. Brain: Swollen; 
the convolutions flattened. Between leptomeningi of left frontoparietal lobe 
was bright red extravasation of blood. Along the blood-vessels, pinpoint to 
pinhead-sized, light yellow nodules. At base about infundibulum, much gela- 
tinous, light gray exudate. At the median aspect of left occipital lobe was 
firm, slightly raised area, which extended into brain. Brain soft and very wet. 
Ventricles dilated and filled with slightly cloudy fluid. 

Microscopic: Skin: Recent extravasations of blood in reticular layer of cutis. 
Red cells separated connective-tissue fibres without reactive changes. Small 
blood-vessels also appeared unchanged. Spleen: In pulp, many epithelioid- 
cell tubercles with central caseation. Cords composed of swollen reticulum 
cells, many plasma cells, polymorphonuclear leucocytes, and single neutrophilic 
myelocytes. Many swollen reticulum cells filled by erythrocytes and granular 
blood pigment. Follicles large and lymphocytic, and often enclosed epithe- 
lioid-cell tubercles. 

Bone-Marrow: Very cellular, with much active erythropoiesis and neutro- 
philic granulopoiesis. Moderate number of basophilic round cells, some of 
which had pale, and some rather dark nuclei. Megalokaryocytes appeared 
well preserved and there were young and adult forms in moderate number. 
Very marked erythrophagocytosis was present. 
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Anatomical Diagnosis: Tuberculous meningitis; solitary tuberculoma of 
left occipital lobe; generalized caseous tuberculosis of lymph nodes; acinose 
tuberculosis of left upper lobe with perifocal gelatinous pneumonia; focal 
acinose tuberculosis of other parts of lung; single tubercles of spleen; fatty 
infiltration of liver; otitis media, left; petechial haemorrhages of skin; inter- 
meningeal haemorrhage over left cerebral hemisphere. 


Case 2: M. H. Mexican girl, aet. 11 years, entered hospital August 1, 1930, and 
died November 29, 1930. Child quite well until May, 1930, when she con- 
tracted “the flu,”” which was followed by pneumonia. Following this illness, 
patient never completely recovered, cough persisted, and progressive loss of 
weight and strength occurred. Felt tired all the time and preferred to remain 
in bed. No history of contact with tuberculosis was obtained. At time of 
admission there were extensive findings in chest, the entire left lung being flat, 
with tubular breathing, pectoriloquy and crepitant rales, with dulness over 
right upper lobe as well, and crackling rales over right base. No other impor- 
tant findings. Child moderately cachectic and very weak. Ran continuous 
septic temperature and showed steady loss of weight, 773 Ibs on admission and 
59 Ibs., November 14, two weeks before death. Repeated tuberculin tests 
negative, both cutaneous and intracutaneous. Clinical Diagnosis: On admis- 
sion, far-advanced pulmonary tuberculosis, with massive caseous pneumonia 
involving entire left lung. Toward end of September child had moderate 
nasal haemorrhage. No other haemorrhagic manifestations until Novem- 
ber 24, five days before death, when numerous petechiae were noted over 
abdomen and lower extremities. Blood: November 25: Hb., 11.7 gm. (New- 
comer); léucocytes 21,450; neutrophiles 83 per cent, lymphocytes 4 per cent, 
monocytes 13 per cent. Platelets, 225,000, counting-chamber; 210,000, slide 
method. Bleeding time, 13 minutes; clotting time, 4 minutes; clot retraction 
complete in 2 hours. Tourniquet test positive. November 26: Erythro- 
cytes, 4,410,000; platelets, 200,000, 3 per cent citrate; 194,000, slide, Fonio’s. 
November 28: Erythrocytes, 4,700,000; platelets, 180,000, 3 per cent citrate; 
160,000, slide, Fonio’s. Final clinical diagnosis was pulmonary tuberculosis, 
with bilateral tuberculous pneumonia, tuberculous enteritis, and cachectic 
purpura. 

Autopsy: Skin over abdomen, chest, and anterior surfaces of thighs studded 
with innumerable 2- to 3-mm. purple-gray areas. At irregular intervals ileum 
presented oval discolored purple-red areas. Numerous transverse ulcers in 
ileum. Right lung distended, subcrepitant, nodular. Cut-surface studded 
by numerous rosette-shaped nodules. Several small cavities present in sub- 
apical part of right upper lobe. Entire left lung the site of caseous liquefaction, 
which left behind practically only the bronchial and vascular tree. Anatomical 
Diagnosis: Caseous bronchopneumonia with extensive liquefaction of the 
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left lung; extensive acinonodose tuberculosis of entire right lung with cavita- 
tion in subapical portion; tuberculous endobronchitis; tuberculous ulcerative 
ileocolitis, with early diffuse fibrinous peritonitis; miliary tuberculosis of 
kidney; fatty changes of liver; petechial haemorrhages of skin; emaciation. 


COMMENT 


Case 1 is an example of purpura occurring during acute miliary tuber- 
culosis. This child showed numerous cutaneous haemorrhages and, in 
addition, an extensive intermeningeal haemorrhage over the left cerebral 
hemisphere. An old lesion was present in the left upper lobe of the lung 
with an extensive caseous tracheobronchial lymphadenitis. Miliary 
dissemination occurred, with involvement of the meninges causing death. 
Bensaude and Rivet (1) state that, in all their cases of purpura in acute 
miliary tuberculosis which came to autopsy, a miliary dissemination 
was found which was secondary to chronic pulmonary tuberculosis. As 
pointed out above, the cases of acute tuberculosis, associated frequently 
with purpuric lesions described by Landouzy as a distinct form of acute 
tuberculosis, are essentially a miliary dissemination, the clinical course 
and pathology of which are modified by the high virulence and toxicity 
of the microdrganism. In this case no damage to the bone-marrow was 
discovered at autopsy; in fact, avery active bone-marrow wasfound. The 
blood-picture during life, however, revealed definite diminution in formed 
elements, particularly thrombocytes. In addition the tourniquet test 
was positive. 

The second case is a typical example of a cachectic purpura occurring 
in chronic tuberculosis. In this case little alteration in the former ele- 
ments of the blood was noted, the haemoglobin and red count remaining 
relatively high even to the end. Thrombocytes showed a tendency to 
diminution which was not marked, however. In this child, as well as in 
case 1, capillary damage as evidenced by the tourniquet test was noted. 

In attempting to explain the pathogenesis of the haemorrhagic diathesis 
in these 2 cases we have one definite factor in common,—evidence of 
capillary damage. In view of Guiffre’s findings, it would therefore seem 
that injury to the small vessels of the skin is perhaps the most constant 
finding in this type of purpura. Pathological evidence of such damage, 
however, was not found in the section of skin studied in case 1. Definite 
destruction of formed elements in the blood was evidenced in the case of 
miliary involvement. In this instance it is likely that this change con- 
tributed to the haemorrhagic diathesis. As in Eckel’s case, an active 
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bone-marrow was found at autopsy. It is possible that in some instances 
purpuric manifestations in tuberculosis are of an anaphylactoid type; the 
cases reported by Bauch, for example, were definitely of that nature. In 
both of our cases, however, a definite anergy was present. It does not 
seem likely that purpuric manifestations in tuberculosis are on an anaphy- 
lactic basis in the absence of tuberculin allergy. We are, therefore, led to 
conclude that capillary damage is an important cause of haemorrhagic 
manifestations in tuberculosis. 


REFERENCES 


(1) BENSAUDE, R., AND RIVET, E.: Presse Méd., 1906, xiv, 469. 
(2) Lanpouzy, L.: Sem. Méd., 1891, xi, 225. 
(3) Retcu, F.: Beitr. z. Klin. d. Tuberk., 1914, xxxii, 239. 
(4) Eckert, P.: Med. Klin., 1929, xxv, 223. 
(5) SHoxz, M.: Ber. klin. Wchnschr., 1918, lv, 1146. 
(6) Renntn, K.: Beitr. z. Klin. d. Tuberk., 1922, liii, 197. 
(7) Bauca, S.: Arch. Int. Med., 1916, xvii, 444. 
(8) Crutce, J. H.: Am. J. M. Sc., 1912, cxliv, 875. 
(9) BERGMANN, H.: Zeitschr. f. Tuberk., 1930, lv, 42. 
(10) Sroxes, J. H.: Am. J. M. Sc., 1919, cliv, 134. 
(11) Rosenow, G.: Blutkrankheiten, Berlin, 1925. 
(12) Grenet, H.: Compt. Rend. Soc. Biol., 1903, 1509. 


(13) GurrrrE, M.: Zeitschr. f. Kinderheilk., 1929, xlviii, 177. 


+ 


a 


THE PROGNOSTIC AND SOCIAL SIGNIFICANCE OF 
CAVITIES IN PULMONARY TUBERCULOSIS}? 


KARL FISCHEL 


Pulmonary tuberculosis, complicated by the poverty seen in public or 
charitable institutions, presents problems and has aspects which are 
unknown to the specialist who sees patients with means in consultation 
or treats them ina private sanatorium. While the well-to-do patient may 
be discharged as soon as he is free from all symptoms or, in other words, 
upon the completion of the clinical cure, the aim in public institutions 
must be, if possible, the healing of the anatomical lesion. 

The formation of a cavity, with the elimination of large numbers of 
bacilli and the evacuation of dead lung tissue, has been interpreted as a 
defensive and useful measure. The correctness of this teleological 
interpretation, granted the development of a cavity, means to the rich 
patient merely a loss of lung tissue, while to the poor patient it means the 
loss of his working ability. Experience suggests very strongly that the 
working-man who has developed a cavity, the size of a plum or bigger, 
must be considered a complete economic loss. Attempts at work are in 
most cases followed by reactivation and extension of his lesion, to which 
he finally succumbs. Graeff’s pessimistic statement, made at the Ger- 
man Tuberculosis Convention in 1921 at Bad Elster, can be discussed 
for the patient who is financially independent, but it seems that the 
working-man who has a cavity of medium size, is, after all is said and 
done, doomed. 

Ever since Turban’s time more optimistic observers have presented 
instances of obliteration of cavities or of apparent clinical cures with a 
fairly long survival in the presence of even big cavities, but the economic 
factor which is so important in tuberculosis was neither mentioned nor 
considered. The mere fact that such cases are reported from time to 
time would lead one to believe that the rarity of such an occurrence jus- 
tifies in the opinion of the authors these reports. Statistics from public 
institutions speak, on the other hand, a*very plain language, and ap- 

1 Read before the Trudeau Society of Los Angeles, March, 31, 1931. 

2 From the Sanatorium of the Jewish Consumptives Relief Association, Duarte, California. 
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parently prove that cavitation is for the patient without means indeed a 
death sentence, which is suspended for a very short time. Barnes and 
Barnes studied the fate of 1,454 cavities which came under the observa- 
tion of the Wallum Lake State Sanatorium (Rhode Island), and found a 
mortality of 80 per cent within one year and of 90 per cent within 5 
years and an average duration of life of 15.8 months. Their investiga- 
tion further suggests a definite relation of the size and number of cavities 
to the length of life. On the other hand, neither sex nor age nor a posi- 
tive family history seemed to affect the prognosis materially. Extensive 
statistics reported by continental writers are equally discouraging, and 
almost shocking if the mortality rate is brought into relation with occu- 
pation andincome. The seriousness of the untreated cavity in industrial 
laborers is clearly demonstrated by Sprungmann’s study, which is based 
on 626 cases which were followed over a period of 16 years. He found a 
total mortality of 78.2 per cent and a death-rate of 61.7 per cent for the 
first two years, which to all appearances are the most critical period in 
the life of the cavity patient. The devastating effect of cavitation on 
working ability is further illustrated by the high percentage of those who 
were totally and permanently disabled by their phthisis. Of the small 
surviving group 69.1 per cent were totally or partially disabled and only 
4.1 per cent of the whole number were working. To what extent prog- 
nosis in pulmonary tuberculosis in manual laborers can be improved by 
collapse treatment is impressively brought out by a comparison of 
Sprungmann’s statistics and Neuberger’s report, which is based on 86 
laborers, such as carpenters, miners, printers and others who received 
pneumothorax treatment. After 1 to 5 years 61.6 per cent had regained 
and retained their working and earning ability, only 21.1 per cent were 
incapacitated, and 17.4 per cent had died.’ 

Our own experience with cavity patients who had had institutional 
care but no other treatment were so disappointing that we finally had to 
come to the conclusion that cavitation in poor patients, such as are ad- 
mitted to our sanatorium, calls for a more active therapy, the aim of 
which should be the obliteration of cavities before the patient is dis- 


* The study by Fales and Beaudet (Amer. REv. TUBERC., June, 1931, xxiii, 690) came to 
our attention after this article was written. These authors found a large percentage of 
healed cavities under prolonged rest, and they claim that the obliteration depends upon two 
factors,—the size of the cavity and the amount of pulmonary involvement. Neither the 
configuration of the cavity nor the thickness of its wall is considered. As will be shown later, 
certain forms of cavities do heal under conservative treatment only. 
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charged. Our results in the past compared favorably with those 
reported by similar institutions, but a careful analysis revealed rather 
poor end-results. The number of repeaters was always great and many 
of our former inmates, who had been conscientiously classified as 
quiescent or arrested when discharged, returned sooner or later with 
monotonous regularity after short attempts at work. It was felt that 
it was not safe to discharge a patient with an open cavity, and a drive 
against cavities was therefore started about 18 months ago. Early 
pneumothorax and selective collapse on one or both sides were freely 
applied in all suitable cases, and more radical surgery, such as phreni- 
cectomy, apicolysis with resection of the first rib and partial or total 
thoracoplasty, was resorted to, if pneumothorax could not be induced. 
So far our results, which were possible through the splendid team-work 
with our chest surgeon Dr. F. E. Schiffbauer, are so encouraging that 
they seem to justify a discussion of the cavity problem, particularly in 
the treatment of the indigent consumptive, with a plea for a more radical 
treatment of cavities, this most disastrous complication in pulmonary 
tuberculosis. 


DEVELOPMENT OF CAVITIES 


The condition of the lung in late tuberculosis and its appearance on the 
film is determined by the two plastic forces, destruction of tissue and 
repair. The presence, site and size of cavities depend therefore on the 
degree of necrosis and the amount of fibrosis during the whole course of 
the disease. In the late picture representing the sum-total of tissue 
destruction which has taken place, cavities are so often noted, that 
cavitation usually is considered as pathognomonic for chronic phthisis. 
We rightly associate cavitation with the far-advanced stage, but the 
origin of the first vomica usually can be traced back to a much earlier 
period of the disease. The newer teachings, based on Ranke’s work and 
elaborated by Redeker, Assmann and many others, have stimulated 
interest in the cavity problem, and the development of the various forms 
of cavities has been studied and described by several writers. These 
investigations have brought out the most important point that, even 
though the tuberculous cavity is a lesion which is quite common in late 
tuberculosis, one variety, the early round cavity appears simultaneously 
with or immediately following an early infiltrate, that is, during Ranke’s 
second allergic stage. All the other cavities can be described as trans- 
formation forms of the round cavity. The size of the first cavity will 
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obviously depend on the amount of rapid tissue destruction. While the 
development of minute cavities from caseated coalescent tubercles, 
especially in the neighborhood of bronchioli, cannot be questioned, con- 
tinental, particularly French, writers claim that cavities in the majority 
of cases develop from diffuse lesions, such as bronchopneumonic or pneu- 
monic infiltrations, and that the nodular tubercle is not a causative factor 
in the production of cavities. During the cyclic course of tuberculosis, 
with its recurrent changes between secondary and tertiary allergy, the 
formation of any new focus may add a new cavity to the picture of 
chronic tuberculosis in a surprisingly short time. There is nothing 
in the development of cavities which reminds one of chronicity. The 
first film taken in doubtful cases may already show the punched-out 
round cavity, and additional cavities may appear with dramatic and 
sensational suddenness very soon after short feverish attacks, which in 
the absence of physical findings and without roentgen control are only 
too often interpreted as innocent intercurrent colds. What has fre- 
quently happened is that a new infiltrative focus has been formed under 
more or less pronounced allergic symptoms, which may lead in a very 
short time to extensive cavitation, thus changing radically prognosis 
and the clinical and X-ray picture in old chronic cases. The following 
examples will illustrate the acute excavation which can be expected as a 
very unpleasant surprise after “colds”: 


C. L.: 49 years of age, readmitted September 3, 1930, with history of chronic 
pulmonary tuberculosis of 4 years’ duration. Film taken June 20, 1929, 
is typical picture of chronic fibrous tuberculosis (figure 1). On July 5, 1930, 
sudden rise of temperature, with chills and pains in left side of chest. Physical 
examination revealed bronchial breathing and showers of moist rales over 
entire left upper lobe. Picture (figure 2) shows a very dense infiltration down 
to the fourth rib with two oblong cavities. Within a month excavation of a 
whole lobe has thus taken place in a patient who had a mild chronic lesion 
with a good prognosis before the acute exacerbation. Pneumothorax was 
tried immediately, but was unsuccessful, and phrenicotomy was performed 
November 30, 1930. Patient improved considerably, but further surgery will 
be necessary to close the big cavity. 


T. M. M.: Girl, 24 years old, acute cold January, 1928, admitted March 29, 
1929. Physical and radiographic examinations revealed infiltration of the left 
upper lobe, with two cavities the size of a small orange, one in the apical field 
and the other in the third intercostal space. Right lung clear. Pneumothorax 
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nstituted August 6, 1929, and kept up to October 25, 1930, when patient was 
lischarged in quiescent condition. On account of apical adhesions the two 


cavities are not compressed (figure 3). Patient received refills at weekly in- 
tervals. On November 30 patient was prevented from keeping her appoint- 
ment by a severe cold. After one week, on December 8, an isolated.almost 


| 
if 


466 KARL FISCHEL 


round cavity was found at level of fourth rib anteriorly near the periphery 
(figure +). In other instances we detected fully developed cavities in from six 
to twelve days after the onset of acute symptoms. These cases will illustrate 
the sudden formation of subsequent cavities at an early stage of newly formed 
foci similar to the development of the first round cavity early in the course of 
the entire disease. 


It is of significance that the generally accepted classification of the 
National Sanatorium Association relegates all cases with cavities to the 
far-advanced group. The appearance of cavities at an early period of 
the entire disease is thus in accordance with the recently advanced 
teachings and seem to indicate again, as pointed out in a previous paper, 
that the patient reaches the far-advanced stage in a much shorter time 
than we would expect with a slow apicocaudal extension. 


CLASSIFICATION OF CAVITIES 


Extensive serial radiographic studies have furnished us with valuable 
information on the various and characteristic changes which a cavity 
may undergo. In its incipient stage the cavity is far from being stable. 
On account of this instability any classification must necessarily be 
rather a differentiation of developmental stages and not a classification 
of fixed types. It is true that there is an unmistakable relation of cer- 
tain stages in the development of cavities to the immunobiological state 
of the patient. Nevertheless, classifications such as Schmincke’s or 
Baum’s and his coworkers which are based on the state of immunity, 
which, as we know, is subject to repeated and recurrent changes, are more 
of theoretical interest than of practical utility. Any classification of 
cavities, in order to be of value, must enable the clinician to recognize 
and to differentiate the different varieties. The division must further 
take into account distinguishable differences in the development and in 
the prognostic significance of the various forms. Finally the classifica- 
tion must be a basis for definite therapeutic indications and contrain- 
dications. 

Pinner recently has advanced a classification which has proved its 
great usefulness in practical application in our work. He describes 
three types of cavities, each one of which is distinguished by character- 
istic changes on screen and film, and can be recognized by physical 
examination in conjunction with radiography. Moreover, Pinner’s 
three types are pathological entities characterized by well-defined 
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pathological and histological pictures. Pinner classifies cavities as 
follows: (1) small multiple cavities in densely infiltrated parenchyma 
(“moth-eaten”’ areas, honeycombing); (2) more or less sharply defined 
round or slightly oval cavities, either with a perifocal inflammation or 
with thin, well-outlined borders; and (3) irregularly shaped cavities with 
dense thick walls. 

If we compare the three forms in Pinner’s terminology with the types 
that are differentiated by continental writers we can readily recognize in 
the second group Redeker’s secondary, Alexander’s round early, or Jaque- 
rod’s second-degree cavity, while Pinner’s third form is identical with 
Redeker’s tertiary, Alexander’s old cavity of the isolated phthisis, or 
Jaquerod’s third-degree vomica. The only difference concerns the 
multiple ‘‘moth-eaten” areas which are not listed as a separate group by 
the German writers. On account of their grave prognosis and the formal 
indication for collapse therapy which they present, the separation of 
multiple cavities as a well-defined group was however desirable and will 
be useful. It will be seen that the principle upon which all classifications 
are based is neither the size nor the site of the cavity but the structure 
and the condition of the cavity wall. On the one side is the young 
granulation tissue with a marked tendency to retrogression of the early 
cavity and opposed to it the rigid fibrous tissue of the late cavity. To 
these two large groups a third variety was necessarily added by the 
French and German schools, which may be called the precapsular phase 
and which is characterized by the absence of any protective wall. There 
is apparently no fibrous reaction in the incipient stage of cavity-forma- 
tion. In Jaquerod’s opinion the demarcation around a small caseous 
area, the centre of which has not as yet undergone complete liquefaction, 
can be recognized roentgenologically by a hazy annular shadow. Sim- 
ilarly Redeker, Alexander and Knuesli have described, as the first phase 
in the formation of a cavity, praekavernise Ringschatten (precavity an- 
nular shadows), assuming that the annular shadow which can be made 
out on the film is not a wall but the border of a lymphocytic wall around 
an infiltrated area which has not yet progressed to caseation. It is ob- 
vious that such a zone of demarcation can appear and disappear in a 
very short time and may be interpreted as a suddenly formed and rapidly 
healed cavity. The potential developments of annular infiltrations are 
either progression to the early round cavity or complete spontaneous 
retrogression. We had the occasion to observe lately three such cases, 
two of which progressed to cavity-formation whereas the third showed 
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complete absorption of the zone of demarcation under a short period of 
rest, as the following films will demonstrate. 


S. H.: 18, male, family history negative. Four months ago contracted severe 
cold after bathing and another one 6 weeks ago. Physical examination re- 
vealed impaired resonance over right midportion, with harsh breath-sounds 
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ind a few dry rales on coughing. A comparison of films taken October 13, 1930 
figure 5) and March 6, 1931 (figure 6) will show a hazy ring shadow in the 
‘ight middle lung field, which has disappeared on the later picture. 


Another variety to which Alexander calls our attention is of great 
interest because it may explain how even large cavities may disappear 
n a comparatively short time. We are referring to the flat cavity de- 
scribed by Alexander. We usually can visualize the transversal and 
apicocaudal dimensions of a cavity. The anteroposterior diameter, 
however, is indicated only by the lung markings within the excavated 
area, Which depend on the amount of normal lung tissue lying in front 
and behind the cavity. The walls of a cavity with a small anteropos- 
terior diameter can obviously come into apposition and adhere, and the 
apparently big cavity can thus be obliterated, leaving on later films a 
diffuse central shadow, which in time may disappear completely. 


SMALL MULTIPLE CAVITIES 


The prognosis of small multiple cavities, which are always embedded 
in densely infiltrated portions of the lung that usually comprise a whole 
lobe or an entire side, is decidedly bad. Barnes and Barnes state in 
their study that only 20 per cent survive one year, and that the average 
duration of life is 9.5 months. In most cases it is too late for any treat- 
ment. Artificial pneumothorax should be instituted at once if the 
infiltration on the basis of which multiple cavities develop does not show a 
tendency to spontaneous retrogression in a short time. Extensive infil- 
tration with or without cavitation presents a formal indication for collapse 
therapy. 

THE ROUND CAVITY 


This type is an early lesion and very often appears on the very first 
film; it is frequently surrounded by an area of perifocal inflammation. 
Its localization is that of the infiltrate. In the majority of cases the 
round cavity will be found below the clavicle, toward the periphery and 
nearer to the dorsal surface of the lung, but occasionally infiltrations and 
round cavities will be seen in the middle or lower lung-field. The regular 
round or slightly oval contour and the tendency to spontaneous oblitera- 
tion are characteristic for this type of cavities. Both facts are, according 
to Bronkhorst, explained by the elasticity ‘of the surrounding pulmonary 
parenchyma. The lungs are distended within the bony framework of the 
thorax and will retract uniformly in all directions from the point of tissue 
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destruction, thus causing the spherical form of the early cavity. Rein- 
ders points out that a linear cut in a piece of elastic rubber dam will 


always appear to be a round hole, when the latter is stretched in al! 
directions and, further, that the hole will always seem to be much large: 
than it actually is in the unstretched membrane. We may similar]: 
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issume that the actual loss of tissue is considerably smaller than the 
adiogram would indicate. With the absorption of the surrounding 
nfiltrate concentric retraction of the cavity can take place, the walls 
an come into apposition, and obliteration may occur in a surprisingly 
hort time. It seems that the chances for spontaneous closure are best 
‘ta time when the infiltrate is not yet absorbed. Katzmann at least 
eports that of 16 such cavities 12 disappeared and the remaining four 
liminished greatly in size in a short time (33 months) under rest alone. 
't will be seen that rapid changes characterize the development of the 
ound cavities. They appear and disappear or they may become bigger 
diminish in size ina short time. In other cases the cavity will gradually 
)se its round contour, the capsule will become thicker and more sharply 
outlined, and the transformation into the thick-walled form can be ob- 
served on serial radiograms. Artificial pneumothorax can usually be es- 
tablished without difficulty because pleural adhesions are rarely present. 
Nevertheless we have seen two cases in which the perifocal inflammation 
must have reached the pleura and in which several attempts to find a 
free pleural space were unsuccessful. In the absence of adhesions the 
round cavity can, as a rule, easily be collapsed. In doubtful cases in- 
formation as to what extent the cavity walls are compressible can be 
gathered from respiratory changes in the dimensions of the cavity, which, 
according to Sgalitzer and Hofstatter, can be noted in elastic cavities. 
The following series will demonstrate a typical development of a round 
cavity in a young girl. The round cavity below the left clavicle in 
figure 7 (June 13, 1928) is losing its round configuration and has migrated 
toward the apex in figure 8 (September 8, 1928), and has finally come 
to obliteration after phrenicotomy in figure 9 (February 1, 1929). 


THE THICK-WALLED CAVITY 


The origin and development of the irregular thick-walled cavity in 
chronic phthisis is still open to discussion. From serial roentgenograms 
dating back to 1923, which are at our disposal, we have the impression 
that this type is always the final stage in the transformation from the 
ound elastic cavity. With increasing fibrosis the outlines of the walls 
»ecome Sharper and denser, the round border usually shows an indenta- 
‘(ion toward which the cavity gradually becomes elongated and, the 
‘inal product, as seen in chronic far-advanced patients, is the irregularly 
‘+haped and dense-walled vomica which very often will show a fluid level. 
With increasing thickness and completeness of the walls the prognosis as 
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to survival is slightly improved for the patient (see statistics of Barnes 
and Barnes), while the chances for ultimate recovery and for obliteration 
of the cavity, on the other hand, are decidedly worse. The rigid cavity 
cannot be closed by concentric retraction, and it can shrink but little. 
In small cavities the draining bronchus can be obstructed and the lumen 
of the cavity may then be filled completely with necrotic masses, which 
in time may undergo calcification and organization. According to 
Huebschmann, granulation tissue can fill the whole cavity. In both 
events air will disappear from the cavity. Another favorable develop- 
ment consists in the cleaning of the walls with epithelization of the fibrous 
capsule. Once the rigid cavity is fully developed, its collapse can rarely 
be effected by artificial pneumothorax alone. In most cases the intens¢ 
fibrosis, which plays such an important réle in the transformation from 
the elastic cavity, has already extended to the pleura and adhesions 
prevent the compression of the excavated portions of the lung. Fur- 
thermore the rigid walls are too resistant to permit apposition, and even 
in favorable pneumothorax cases the cavities are merely displaced and 
are not sufficiently compressed. 

Proper drainage is as essential for a pulmonary as it is for any other 
abscess-cavity, and has lately received considerable attention from 
continental writers. If the draining bronchus is either obstructed or 
its insertion is such that evacuation of the sputum is rendered difficult, 
sputum-retention causes symptoms which worry the experienced patient, 
who knows and fears the annoying unproductive cough, which makes his 
nights miserable while his days are disturbed by fever and malaise. 
The most favorable localization of the draining bronchus is, for obvious 
mechanical reasons, the lowest point of the cavity. In these cases a 
typical configuration of the double-contoured bronchus, which extends 
from the lower border of the cavity toward the hilum, can be noted, and 
this has been compared to a tennis-racket. A good example of a draining 
bronchus is given in figure 10. Predominant in the clinical picture of a 
well-drained cavity are, as Alexander has pointed out, symptoms of a 
chronic unilateral bronchitis with a slight productive cough and abun- 
dant sputum. Frequently the real nature of such a chronic bronchitis is 
not recognized until a chest picture is taken or tubercle bacilli or elastic 
fibres are found in the sputum. 

The higher the insertion of the bronchus from the bottom of the cavity 
the more difficult will be the evacuation of the sputum, which cannot b¢ 
effected until the sputum-level reaches the mouth of the bronchus. 
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Postural drainage usually gives marked relief to these patients. In 
patients with upper-lobe cavities and retraction of the affected side the 
lack of sufficient drainage causes a clinical picture which we had the 
occasion to observe in cases in which the film showed a displacement of 
the trachea. The incessant unproductive cough, which is scarcely 
influenced by any medication, must apparently be attributed to the 
constant irritation of the mucous lining of the trachea and the main 
bronchus by the stagnant sputum. A kink in the draining bronchus 
caused by the deviated trachea offers the most plausible explanation for 
the. insufficient drainage. Surgery appears to be the only means by 
which this condition can be corrected and we were able to give marked 
relief to a patient (whose main complaint for the past four years had been 
his incessant cough) by an apicolysis with resection of the first rib. 
Another danger arising from lack of draining is the breaking through of 
secretions that have no outlet. Pearson reported high gas-pressures in a 
cavity, and we can assume that, as in any other abscess, the secretions 
from a nondrained cavity, which is still the seat of a destructive process, 
will eventually break through the intervening tissue and find their way 
to the bronchial tree or the pleural cavity. As pointed out before, the 
obstruction of the bronchus which drains a chronic stationary cavity is 
rather favorable, as it paves the way to healing. Most silent cavities 
belong to the latter group. 


MIGRATION OF CAVITIES 


Cavities may change not only their shape but their localization as 
well; they migrate. The upward migration of infraclavicular cavities 
and their projection toward and above the clavicle have been used as an 
important argument by Redeker and his school against the old doctrine 
of the apical origin of phthisis, and has been explained by cirrhotic and 
atelectatic changes in the apical region. Traction by such changes is 
undoubtedly the cause of the shift of all intrathoracic structures. While 
the displacement of subclavicular cavities toward the apex is the rule, 
we have found, by comparing serial films at our disposal, that cavities 
do occasionally migrate in other directions, either in a horizontal or ob- 
lique direction or even toward the base, and we are inclined to state in a 
general way that migration and the direction of the shift are determined 
by the site and the degree of fibrotic changes. Even under normal con- 
ditions before the formation of adhesions every portion of the lung is 
pulled during inspiration both toward the base and toward the periphery. 
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The movements of the thorax under the action of the diaphragm have 
been compared to those of an accordion, even though they are too com- 
plicated for such a simile. For the lung has the form of a cone and not 
of a cylinder, as is emphasized by Orsos and independently by Loeschke, 
in their work on diaphragmatic breathing. Without entering into a 
discussion of the apical disposition in the light of Orsos and Loeschke’s in- 
vestigations, attention must be called to the conical shape of the thorax. 
It can readily be seen that during inspiration every portion of the lung 
must descend to a level of a greater horizontal diameter and will there- 
fore be stretched in both a vertical and a horizontal direction, but very 
little anteroposteriorly, which latter fact may help to explain the for- 
mation of Alexander’s flat cavities. Depending on the form of the chest, 
the action of the diaphragm will cause wider excursions in the enterop- 
totic-asthenic thorax, which is fixed in expiration, and smaller excursions 
in the barrel-shaped emphysematous chest which is fixed in inspiration. 
From the standpoint of functional rest the latter type of thorax, with 
its deficient expiration, is therefore better off than the asthenic form with 
its wide excursions during both phases of respiration. The pulling power 
of the diaphragm is furthermore greater nearer the base and is, on account 
of the horizontal stretching, scarcely transmitted to the apex which can 
be considered as the fixed point. Any added fixation by pathological 
tissue changes will therefore tend to pull cavities localized in the upper 
parts of the lung upward while migration in the opposite direction of 
cavities nearer to the base may be attributed to the action of the 
diaphragm. 
TREATMENT OF CAVITIES 


The inherent dangers of the untreated cavity—the flowing source of 
reinfection and very often the seat of severe haemorrhages—are obvious. 
Both the patient and all who come in contact with him are continually 
threatened by the elimination of infectious sputum, and both prevention 
of serious complications in other parts of the lungs or in other organs of 
the patient himself and protection of all contacts call for the obliteration 
of cavities by therapeutic measures. On the basis of Pinner’s classifica- 
tion definite indications for the treatment of each group can easily be 
given. 

The only form of cavity which has a tendency to spontaneous healing 
is the early round cavity. Its final development is determined by the 
changes in the surrounding infiltrate. Extension of the perifocal inflam- 
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mation and persistent allergic symptoms necessitate immediate 
collapse. Retrogression and subsiding systemic symptoms, on the other 
hand, will permit us to postpone therapeutic measures, but further de- 
velopments have to be watched carefully. Collapse of persistent or 
enlarging round cavities by pneumothorax is the method of choice. It 
is, of course, of importance that pneumothorax be instituted while the 
walls are still elastic and the cavity easily collapsible, that is, before the 
round contour is lost and before migration is noticeable. With the 
gradual conversion into the rigid variety and with increasing age of the 
cavity the chances for spontaneous healing are greatly reduced and even 
closure by artificial pneumothorax cannot be expected. As a matter of 
fact our results with pneumothorax in the treatment of late rigid cavities 
are rather disappointing. Extensive adhesions mostly prevent collapse 
of the very portions of the lung which should be compressed, and the 
partial pneumothorax which can be obtained in such cases may be called 
contraselective, since it affects mainly healthy portions of the paren- 
chyma. Only by the application of additional surgical measures can 
such cavities be closed. In several instances we have obtained satis- 
factory results from a phrenicotomy after an unsatisfactory compression 
by a partial pneumothorax. Our most crucial problem has been and is 
the adherent big upper-lobe cavity in young patients. Apicolysis with 
resection of the first rib alone, or mostly combined with phrenicotomy 
followed if necessary by a total thoracoplasty, has to be resorted to in 
order to effect closure of big rigid cavities. 

An operation devised by Dr. Schiffbauer has given us excellent results. 
The operation is in principle an extrapleural apicolysis, with resection of a 
paravertebral portion of the first rib which is exposed from the front. 
The advantages of this procedure are manifold. The operation is per- 
formed under local anaesthesia, there is neither loss of blood nor shock, 
and recovery has been so far in all cases quick and uneventful. The 
linear scar at the level of the clavicle is not more disfiguring than the 
phrenic-operation scar, and, above all, the mechanical effect on apical 
cavities is surprisingly good, as evidenced by the marked decrease of 
cough and expectoration. As soon as the connection of the first rib 
with the vertebra is severed the retraction of the apical portions can be 
noticed. The immediate result of the operation is illustrated by the 
following case: 
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R. L.: 22, female, admitted October 10, 1930. Acute onset, April, 1929, 
After unsuccessful attempts to induce pneumothorax, phrenicotomy was per- 
formed in an eastern sanatorium April, 1930. On admission a huge cavity 
in the right upper lobe was found. First-rib operation on April 26. A com- 
parison of the preoperative picture (figure 11) and of the X-ray taken three 
weeks later (figure 12, April 18, 1931) will demonstrate the retraction of the 
cavity which is greatly diminished in size. The patient has very little cough 
and expectoration. 


Phrenicectomy, which was frequently applied preliminary to more 
radical surgery, has given us very gratifying results even as an independ- 
ent operation. The response to phrenic evulsion is in our experience 
prompter and better in patients of the asthenic type and less striking in 
patients with an emphysematous thorax. Broad basal adhesions fre- 
quently preclude a sufficient ascent of the diaphragm and we have the 
impression that phrenicectomy in these cases should be applied only if 
followed by other surgical procedures. 


COMMENT 


During the past decade a most remarkable change in our methods of 
diagnosing the onset of pulmonary tuberculosis and of following its 
course has taken place. After having relied on autopsies, animal experi- 
mentation, laboratory tests and physical exploration we now appreciate 
the great value of serial radiographic examination as the best method by 
which the development of the anatomical lung lesion can be followed in 
vivo. Small central lesions which cannot be detected by the finest auscul- 
tation or percussion are easily recognized on the film and characteristic 
changes can be observed on subsequent retakes; likewise, a cavity, no 
matter how small or silent, is always visible. The valuable information 
which we have gathered from serial radiographic studies are bound to 
influence our methods of treatment. 

It seems that we have to arrive at a new conception of phthisis. The 
chronic, slowly developing disease led logically to a cure extending over a 
long period and seemed to justify the most conservative therapy. In 
the light of recent teachings tuberculosis develops and advances rather 
acutely, and the main reason why the disease appears to take a chronic 
course is the fact that the damage suffered by lung tissue during short 
and acute periods cannot be repaired in a short time. Our therapeutic 
efforts have heretofore been focused on the time-consuming periods of 
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repair, during which the patient has to recuperate from the after-effects 
of acute exacerbations. The question may be raised whether the results 
could not be improved if our efforts were concentrated on these periods 
of acute exacerbation by hospitalizing the patient promptly at a time 
when rapid progression and extensive tissue destruction are imminent, 
dangers which should and frequently can be averted by immediate action. 
Another pertinent question may also be asked: If tuberculosis is a chronic 
slowly advancing disease why are the final results of prolonged treatment 
rather disappointing? Its very course over a number of years, the blood 
picture, autopsy reports and the marked tendency to spontaneous healing 
indicate the comparative mildness of the tuberculous infection, which the 
human body should definitely overcome under the favorable conditions 
of prolonged institutional care. 

On discharging patients we depend primarily on clinical symptoms and 
laboratory tests. Clinical improvement, however, is not equivalent to 
healing of the anatomical lesion, which cannot be thought of in the pres- 
ence of patent cavities. While nobody will deny that an abscess in any 
part of the body requires treatment, the existence of abscess-cavities in 
such a vital organ as the lung is so far accepted as an unavoidable event 
in the course of pulmonary tuberculosis. Tissue destruction and forma- 
tion of thin-walled cavities can neither be foreseen nor prevented. But 
it seems that there are means at our disposal to prevent the transforma- 
tion into the diastrous rigid cavity, which is not consistent with Sin 
survival or economic rehabilitation. 

The sinister significance of cavities increases in proportion to their 
number, dimensions and age, and is further accentuated by the surpris- 
ingly rapid changes in their development. Time is such an important 
factor in treatment that all indications are strictly limited by time and 
hold good only for the short duration of the respective stage of a cavity. 
The treatment of pulmonary tuberculosis is to a great extent the treat- 
ment of cavities. Opportunities are quickly missed and chances for 
more conservative measures are easily overlooked, until finally the most 
radical procedures have to be resorted to. In going over the histories and 
serial films of chronic patients one can read many tales of “What might 
have been,” and cannot help thinking that there perhaps is a period, 
however short, in the life of every patient, when the closure of his cavities 
by one or the other recognized methods of collapse may turn the scales 
in his favor. 
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VARIATIONS IN TUBERCULIN SENSITIVENESS IN 
TUBERCULOSIS PATIENTS 


WM. SPENCER SCHWARTZ anv FRED H. HEISE! 


Sensitivity to tuberculin, when elicited by the intracutaneous test, is 
regarded as an indication of a previous infection with tubercle bacilli. 
Is it possible to judge the recency or extent of the disease or its stages of 
quiescence or activity by the degree of inflammation provoked by the 
test, or by the use of certain component parts of tuberculin? Most 
observers think that nothing is gained from a positive skin reaction other 
than the knowledge of a previous infection. There are a few, however, 
who believe that an idea of the status of the disease can be obtained. 

To ascertain if tuberculin might give more valuable aid in the diagnosis 
and treatment of our patients, intracutaneous tuberculin tests were given 
with the usual O.T. and also extracts of tubercle bacilli made with 
ether and alcohol. The tests given upon admission to the Sanatorium 
were later repeated to find out if sensitivity had changed and, if so, in 
what direction. Attempts were also made to link the change in sen- 
sitivity to some change in the condition of the patient or to the season 
of the year. Comparisons of the reactions to the three tuberculins were 
also made. | 

The O.T. used was of a batch prepared by the Saranac Laboratory. 
This O.T. has been in use for several years at the Sanatorium. The 
alcohol and ether extracts were prepared by Dr. S. A. Petroff of the 
Sanatorium Laboratory from a culture of H37 grown on protein-free 
synthetic media after the manner of Eberson and Wolff. 

The volume injected was the same in all of the tests, namely, 0.1 cc. 
An inflammatory reaction of 10 by 10 mm. was considered a definite 
response and the amount of tuberculin necessary to provoke a reaction 
of this size was regarded as the reacting dose. When reactions larger 
than this were brought about, the dose was reduced until a reaction of 
the proper size resulted. The initial dose was usually 0.000,001 cc. of 
concentrated tuberculin. If no reactiom resulted the dose was increased 
ten times, to 0.000,01 cc., and so on up the scale, each dose being ten 


1 Trudeau Sanatorium, Trudeau, New York. 
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times the previous one until a reaction of the proper size occurred. 
Reactions occurred after varying doses up to 0.01 cc., the largest given. 
In repeating the tests later to detect a change in sensitivity, the former 
reacting dose was first given and this dose increased or decreased until a 
reaction of the proper size was obtained. 

With the exception of 22 patients, those who were given the test were 
diagnosed as tuberculous and all were between 16 and 45 years of age. 
For the most part, the lesions were moderately advanced. 

The first analysis concerns the reactions to O.T. and the ether and 
alcohol extracts of H37. In this series there were 218 patients and the 
three tuberculins were given simultaneously. Greater sensitiveness 
was shown to O.T. than either of the other two tuberculins. Smaller 
doses of the alcohol extract provoked more reactions than did the ether 
extract. Table 1 shows this in detail. 


TABLE 1 


ETHER 


ALCOHOL 
REACTING DOSE 


Per cent Per cent 


Per cent Cases 


cc. 


0.000, 000, 1 1 0.5 
0.000, 001 115 53 

0.000, 01 90 41 8 3.5 6 3 
0.000, 1 10 4.5 93 43 54 25 
0.001 22 1 94 43 127 59 


23 10.5 31 13 


0.01 


During the year, 23 of the tuberculin-tested patients presented evi- 
dence of progression of their disease as detectable in serial stereoscopic 
X-ray films. These changes included an increase of haziness around 
the foci, which was termed collateral inflammatory reaction; an increase 
of the tuberculous area of infiltration; an increase in the size of a cavity; 
or the development of a cavity. Six of these patients also had elevation 
of temperature and three others an increase in cough and expectoration. 
The other fourteen had no clinical evidence of a relapse. Three were in 
the minimal and three in the far-advanced stage. At the time when the 
changes were first noticed in the X-ray films all patients were retested 
with tuberculin. The changes were recent since X-ray films were taken 
six weeks apart. 

Of these 23 patients, some evidence of increased sensitivity to O.T. 
was obtained in 13, or 57 per cent. There was a lessened sensitivity in 
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5, or 22 per cent. Of those 9 with clinical evidence of relapse also, 
increased sensitiveness occurred in 5 and a decrease in 3. One with 
tuberculous bronchopneumonia became more sensitive as also did one 
with pleurisy with effusion. On the other hand, the development of a 
cavity was not accompanied by an increase in sensitiveness to O.T. in 
one instance and was accompanied by a decrease in another. From 
these 23 patients, no information of value regarding the status of the 
disease could be obtained by comparative tuberculin tests with O.T. 


TABLE 2 
0.000,001 | 0.000,01 | 0.000,1 0.001 ; PER 
TOTAL CENT | GRAND 
DOSE P p Pp Per CASES OF TOTAL 
Case Case Case cum Case cent 
35 | 61 | 20; 35] 1} 2] 1] 2 57 | 24 234 
Clinically inactive............. 84 | 48 | 80; 45; 11} 6] 2] 1 | 177] 76 
45 |} 56} 35 | 43} 1 1 81 |} 33 234 
68 | 44] 72 | 47) 11] 2 | 2 | 153] 67 
Negative Sissi si. 22 | 10 
27 | 50| 24; 44; 2} 4} 11] 2 54 | 23 234 
Moderately advanced.........,] 71 | 51 | 63 | 45 | 6] 4 140 | 60 
Far advanced 9} 50; 91 50 18 7 
Warm weather (June to 
92 | 54| 68; 41] 8] 5 168 | 72 234 
Cold weather November to 
Complement fixation positive...} 57 | 59 | 37 | 38| 2} 1/1] 1 97 | 45 217 
Complement fixation negative...} 47 | 39 | 61 | 51/10} 8} 2 | 2 | 120| 55 


A comparison of the reported tests with bacillus ether extract in 18 
patients, showed that 9 (50 per cent) had become more sensitive and 2 
less sensitive following upon the changed condition of the disease. There 
was, likewise, no relation between clinical symptoms and the occurrence 
of increased sensitiveness. These same conditions were found upon 
comparing the repeated tests with the alcohol extract. 

Eleven patients were first tested in the warm season of the year, June 
to October, and retested in the cold season, November to May. More 
than three-quarters of these (82 per cent) revealed an increased sensitive- 
ness toO.T. Twenty-two patients were first tested in the colder months 
and retested in the warmer months. Nearly three-fourths of these 
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(71 per cent) showed an increase in sensitivity. Apparently other factors 
than the season of the year were responsible for the change. 

In five of 9 patients showing consistent improvement, increased 
sensitiveness occurred to O.T. and the ether and alcohol extracts. In 
one instance, an effective pneumothorax did not change the sensitiveness 
to O.T. but was accompanied by a decrease in sensitivity to the ether 
and alcohol extracts. O.T. was used alone to test 58 patients showing 
constant improvement. Nearly three-quarters of these (72 per cent) 
revealed greater sensitiveness. 

An attempt was made to correlate the initial reaction dose in 234 
patients with some other knowledge of the disease. Except that most 
patients reacted to 0.000,001 or 0.000,01 cc. concentrated O.T. no other 
information of unquestioned value was obtainable. Nevertheless, more 
of the clinically active and those whose X-rays seemed to show activity 
reacted to the smaller doses. So also did those who were tested in the 
warmer months and those whose complement fixation was positive for 
tuberculosis. A small number, 22, who showed no tuberculous lesion in 
the X-ray films had a tendency to react to the stronger dilutions. These 
facts are brought out in table 2. 

Upon whatever factors varying sensitiveness to tuberculin may be 
based, it would seem that at the present time there are no means of 
detecting these factors. Why those who improve and those who 
relapse in a minor degree should each develop increasing sensitiveness is 
certainly problematical if sensitiveness bears any relation to resistance. 
Nor does the extent of the lesion seem to bear any direct relation to the 
sensitiveness to tuberculin. Perhaps there is a seasonal tendency to 
sensitiveness but, as time goes on, the individual tends to become more 
sensitive in spite of the season. In all tests of a comparative nature, 
such as these reported, it must be borne in mind that comparisons are 
made on the basis of the lung disease only. There may be other disease 
elsewhere in the body such as in the lymph nodes of the abdomen or 
elsewhere whose influence upon the skin reaction cannot be measured. 


CONCLUSIONS 


A single intracutaneous tuberculin test reveals only a previous infection 
with tubercle bacilli. No reliable information regarding the extent or 
nature of the pulmonary lesion or its activity can be obtained by a single 
test. 

Repeated tests give no conclusive information regarding the lesion. 

The factors governing changing sensitivity to tuberculin were not 
ascertainable in these tests. 
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THE EFFECT OF VIOSTEROL (IRRADIATED ERGO- 
STEROL) ON CALCIFICATION IN PULMONARY 
TUBERCULOSIS! 


JACOB KAMINSKY anp DORIS L. DAVIDSON 


The occurrence of calcium deposits in healed tuberculous foci gave rise 
to the idea of stimulating calcification in pulmonary tuberculosis with a 
view to promote healing of the lesion. Kirschner (1) advocates the use 
of codliver oil in pulmonary tuberculosis, and among the other favorable 
effects of this drug he mentions its possible influence on calcium deposition 
in tuberculous foci. Beaseley (2) states that calcium acts as an aid in the 
healing of the tuberculous lesion and he recommends calcium chloride in 
combination with codliver oil in the treatment of this disease. Matz (3) 
administered calcium salts to normal and tuberculous subjects and ob- 
tained a rise in the serum-calcium. The level of the serum-calcium was 
still further augmented when codliver oil was given in addition to the cal- 
cium salts. This author believes that any system of therapeusis which 
results in a state of calcium saturation of the blood is conducive to the 
healing of the tubercle. Gordon (4) administered parathyroid hormone 
to patients with pulmonary tuberculosis and obtained an increase in the 
blood-calcium but there was no influence on calcification in the lung 
fields. In asecond group of patients studied by this author, parathyroid 
hormone was given in combination with calcium lactate but there was no 
evidence of calcification or decalcification in the bones or lungs. Bronfin, 
in the discussion of the latter report, cited his observations in a similar 
investigation. This author found no evidence of any new calcified foci 
following the administration of parathyroid hormone in combination with 
calcium lactate and codliver oil, nor was there any increase in the phos- 
phorus and calcium content of the blood in the cases under observation. 

Hess and Lewis (5) in their studies on rickets have noticed an augmen- 
tation of the blood-calcium level following the oral administration of 
irradiated ergosterol. In cases with abnormally high calcium brought 
about by the ingestion of the irradiated ergosterol, the rise persisted for 


1 From the Rutland State Sanatorium, Rutland, Massachusetts. 
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a considerable period after the drug had been discontinued. Klein (6) 
administered massive doses of irradiated ergosterol in experimental 
animals and found a marked rise in the serum-calcium. In view of the 
rather marked effect of irradiated ergosterol on the serum-calcium con- 
centration, it was thought that it might perhaps be possible to stimulate 
calcification of the tuberculous lesions in the lungs by maintaining the 
circulating calcium at a higher level through the ingestion of this drug. 

Such an investigation was begun in November, 1929. A preliminary 
study (7) showed a considerable rise in serum-calcium level in patients 
with pulmonary tuberculosis following the ingestion of irradiated ergo- 
sterol. Further observations were then continued on a group of 16 
patients who were given small daily doses of viosterol? for periods varying 
from three to eight months. The group under observation consisted of 
14 men and 2 women. Their ages ranged from eighteen to fifty-six. 
Seven were far-advanced cases, eight moderately advanced, and one a 
minimal case. Twelve of this group received no other special treatment 
during the period of observation. In 2 cases artificial pneumothorax 
was begun prior to the treatment with the drug and in 2 other cases arti- 
ficial pneumothorax was instituted while the treatment with viosterol 
was under way. The pneumothorax cases had bilateral pulmonary in- 
volvement and the uncompressed lung was made the basis of study in 
these instances. 

The dose of viosterol ranged from 10 to 20 drops (3-7 minims). This 
was administered daily one hour after breakfast. All of the patients 
were on the usual house diet which included at least one quart of milk 
a day. 

The patients were examined periodically and any changes in their 
general or chest condition were noted. Blood-calcium determinations 
were done at frequent intervals and roentgenograms were taken before 
the treatment was begun and these were compared with chest films made 
after the treatment was terminated. 


RESULTS 


No untoward effects which could be attributed to the drug were noted. 
Observations as to the weight curve, cough, expectoration, bacillary con- 
tent of the sputum, pulse, temperature and haemoptysis, showed differ- 


2Viosterol in Oil 100D was used throughout this investigation. This preparation 
was furnished in part through the courtesy of Mead Johnson and Company. . 
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ences which were not sufficiently marked to warrant any definite conclu- 
sions as to the effect of the drug in these instances. 

The serum-calcium concentration showed an increase in all but one 
case. In no instance was there a reading below the normal range 
throughout the period of observation (normal range 9-11 mgm. per 100 
cc. of blood). In most cases there was a tendency toward the higher 
level in the normal range (table 1). 

Roentgenographic study showed slight increase of calcification in the 
lung fields in two patients. The roentgenograms of a third patient 
showed considerable calcification before treatment was begun and an 
augmentation of calcification following the period of treatment with 
viosterol. In the remaining 13 cases there was no appreciable change of 
calcification in the lung fields. 


DISCUSSION 


From a review of the recent literature it may be seen that the possi- 
bility of stimulating calcification of tuberculous lesions by means of 
irradiated ergosterol was considered by a number of workers. Spies (8) 
administered massive doses of irradiated ergosterol to rabbits with acute 
tuberculosis and he noted marked calcification of the necrotic and caseous 
centres of the tubercles in the lungs. In a later investigation (9) this 
author obtained similar results in rabbits with chronic tuberculosis. 
Levaditi and Yuan Po (10) observed the effect of irradiated ergosterol on 
calcification of tuberculous lesions in rabbits. They found that the oral 
administration of this drug in animals, previously infected intratesticu- 
larly with cultures of human tubercle bacilli, causes intense calcification 
in the tubercles in the lungs and testicles. These authors state that when 
subtoxic doses (5 mgm. per kgm.) are used, such an effect of the vitamine 
D may be obtained without producing other heterotopic calcifications. 
Policard, Paupert-Ravault and Barral (11) administered irradiated ergo- 
sterol to tuberculous guinea pigs and they were able to produce calcium 
deposition in the caseated tubercles. These calcifications however 
resulted only in instances in which the dose of irradiated ergosterol was of 
such strength (5 mgm. or higher) as to cause deposition of calcium in 
normal organs. 

It will be noted that the positive results obtained in experimental 
tuberculosis, as cited above, followed the administration of either toxic 
or comparatively large nontoxic doses of irradiated ergosterol. The 
dosage of this drug, when applied to the study of human pulmonary tuber- 
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culosis, must for obvious reasons be kept within therapeutic limits. It is 
possible that the failure to influence calcification in our series was due to 
the small dosage employed. Whether larger doses of irradiated ergosterol 
will augment calcification of lesions in human pulmonary tuberculosis is 
a point for further investigation. 


CONCLUSION 


The oral administration of small doses of irradiated ergosterol caused an 
augmentation of the serum-calcium concentration in patients with pul- 
monary tuberculosis, but such increase in the serum-calcium did not 
seem to have influenced to any appreciable extent the degree of calci- 
fication in the lung lesions, in so far as could be demonstrated by the 


roentgenogram. 


We wish to express our appreciation to Dr. Ernest B. Emerson for the opportunity we 
had to carry out this investigation and to Dr. Paul Dufault for aid in the interpretations 


of the roentgenograms. 
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A STUDY OF TUBERCULOSIS IN ONE JUNIOR HIGH 
SCHOOL IN HONOLULU 


S. E. DOOLITTLE 


INTRODUCTION 


The application of the tuberculosis-survey method to public-school 
children has had fruitful results in various communities in the United 
States. These results have given considerable information regarding the 
inception of both infection and disease in childhood. By this method of 
examination we have an approach to controlled masses of apparently 
well children of different age-groups. In such groups are found children 
not differing in any apparent manner from other children in the classroom, 
yet revealing, on careful study, lesions varying from latent, apparently 
well-healed lymph-node or lung lesions to active clinical pulmonary 
tuberculosis. 

This present-day epidemiological study, whose importance has been 
stressed by Opie (1) and others, has apparently a more complex struc- 
ture where petsons of various nationalities are brought together in singu- 
lar social situations, as is the case in Hawaii. 

Honolulu, situated on the Island of Oahu, is the principal city and sea- 
port of the Territory of Hawaii. The Islands making up the Territory 
lie at 20° north latitude, some 2,200 miles from their nearest neighbor, 
California. With a subtropical climate cooled by trade-winds, and an 
even temperature averaging 74.7°, with extremes of 65° and 85°F., and 
adequate rainfall, particularly at elevations, the agricultural develop- 
ment of the Islands has reached a very high level. The importation of 
foreign labor to work on sugar plantations has brought in waves of immi- 
gration since 1852,—Chinese, Portuguese, Porto Ricans, Japanese and 
finally Filipinos. The hardy native Polynesians are rapidly being deci- 
mated, and their ranks replaced by those of both European and Oriental 
extraction. Many crosses of native and other stocks, often resulting in 
hybrids of hardly recognizable main stem, are prevalent for study. Asa 

“melting pot” of races of varying length of contact with tuberculosis the 
Territory of Hawaii offers a field for fruitful study. 
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A single representative junior high-school in the City of Honolulu 
was chosen for a preliminary survey. The population of this school 
represents a good cross-section of the community’s complex racial groups 
and social strata. This is well represented in table 1, showing midyear 
school population and numbers examined in 10 different nationality 
groups, and also the population of all junior high schools in the Territory. 

The purposes of the survey, as expressed at the outset, were a study 
of the accepted methods of diagnosis as applied under local conditions; a 
correlation between underweight and certain other factors with the find- 
ing of tuberculous infection and disease in our local group; and a demon- 
stration of the practical value of the survey method to the community, 


School population and examinations by nationality 


ALL JUNIOR HIGH 


SCHOOL POPULA- 
TION, DECEMBER 
20, 1929 


EXAMINED IN SCHOOL 
SURVEY, FEBRUARY TO 
May, 1930 


SCHOOLS IN 

TERRITORY, 

1929-1930 


54 
222 
99 
19 
Bits 
323 
812 
50 
58 
26 


49 
186 
96 
13 


270 
725 
35 
43 
0 


1,697 


1,437 or 84.6% 


is in other schools. 


to selected groups of underweight children. 


in order to stimulate interest and allow for a continuation of the survey 


The results of previous surveys elsewhere have demonstrated clearly 
that tuberculous infection, and frequently the occurrence of severe 
latent or even active disease, does not influence, to an appreciable degree, 
weight, as compared to normal. It was for this reason that Chadwick 
and Zacks (2) advocated the application of the method of skin-testing and 
roentgenographic and physical examinations to all children rather than 
This is further borne out by 
our experience in the Chest Clinic of the Board of Health, where contact 
and suspect cases are referred for examination. Spectacular cases of 
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underweight, strongly suspected of having tuberculosis, are frequently 
referred by school doctors, nurses or nutrition workers, but these cases are 
usually found to have more obvious physical defects and no tuberculosis. 
The mortality rate from tuberculosis in the Territory of Hawaii for the 
fiscal year ending June 31, 1930, was 106.8 per 100,000 population. In 
the City of Honolulu this mortality rate was last year reported as 147 (3). | 
The occurrence of malnutrition is likewise unusually frequent in this com- } 
munity. Among 10,338 children, chiefly from receiving grades of Hono- 
lulu schools, examined during the last year, 30 per cent were found to be 
4 per cent or more underweight (4). So, in a community where under- 
weight, as judged by accepted American standards, is more frequent than 
usual, and the death-rate from tuberculosis is higher than in similar 
mainland communities, it is necessary to show by locally obtained and 
carefully checked statistics that the above-mentioned condition in rela- 
tion to infection or disease and malnutrition applies in our community. 
It was further believed that a more detailed correlative study of addi- 
tional factors, such as the weight changes over a period of months or 
years, the pupil’s and teacher’s statement whether the child is well or not, 
the days absent because of illness, and the temperature records, would 
give useful information upon which to plan future activities. As these 
same points have either been covered only in part or not at all in previous 
publications concerning school tuberculosis surveys, the detailed find- 
ings are recorded in this report. 


PROCEDURE 


Interest in health activities was already well established in the school 
selected. This was further augmented by poster contest and class-room 
competition, in which points were awarded in part by the number of per- 
mits for examination procured by the pupils. Interest was thus so keenly 
aroused that 85 per cent of the students procured permits and at least 
several such permits were found to be forged. 

Cards for each child were made out, giving name, sex, age, grade, 
nationality, tuberculosis in family, pupil’s and teacher’s statement 
whether well or not, days absent because of illness, height, weight, rela- 
tion of weight to normal and change since October, 1929, or 1928, and 
temperature. Histories were taken by selected groups of instructed 
school personnel. Weights were taken by the same group, and all record- 
ing done by especially tutored students. Temperatures were taken by 


ny 


ae 
a 
| 
| 
| 
| 
ii 


494 S. E. DOOLITTLE 
school-nurses and teachers. Skin tests were performed by physicians 
and nurses, with school personnel assisting. Roentgenograms were taken 
on all positive reactors, and a group of 100 control children with negative 
tuberculin skin tests. Examinations were made upon those children hav- 
ing suspicious or positive X-ray lesions of either childhood or adult type 


of tuberculosis. 


TUBERCULIN SKIN TESTS 
The records of 1,437 school children were available for study. In this 
group the incidence of tuberculous infection, as evidenced by positive 
skin tests, was 75.57 per cent. 


TABLE 2 
Results of tuberculin skin tests 


POSITIVE 
TOTAL NUMBER 
TESTED 


Number Per cent 


Cutaneous tests positive 1,437 37.02 


Intracutaneous tests positive to 0.01 mgm 
Intracutaneous tests positive to 0.1 mgm........ 
Intracutaneous tests positive to 1 mgm 


Total intracutaneous tests positive 905 


All tests positive 1,437 4597 


Skin tests negative 1,437 351 24.42 


Cutaneous Test: The original test on all children was the cutaneous 
test. This was varied from the original Pirquet technique, using a punc- 
ture technique similar to that described in 1916 by Craig (5). The drop 
of tuberculin is applied and punctured, and any excess is immediately 
wiped off with cotton. The procedure has speed of application particu- 
larly to recommend it, and with mass examination this is of considerable 
importance. 

Stewart (6) described a single puncture technique which yielded the 
same number of positive reactions as the original Pirquet test in a series 
of 281 children in which both tests were performed simultaneously. 

Forbes and Steinberg (7) recently compared the Craig multiple-punc- 
ture method with the intracutaneous test using 0.1 mgm. dosage. Ina 
series of 115 institutional children and 283 school children, they report 
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practically identical results with the two tests except that the Mantoux 
test (intracutaneous) gave greater reactions in older and in contact 
children. 

Our results in the school survey do not indicate this same delicacy 
of reaction in comparison with the intracutaneous test (table 2). Former 
checks of comparative results with Pirquet and multiple-puncture tech- 
nique in clinic patients gave evidence of adequate reliability, however, 
and the technique has been in regular use for over two years in the Chest 
Clinic. 

For the performance of the test, pupils visited a central room in line, 
by classrooms, and as the line progressed the arm was scrubbed with 
ether, tuberculin was applied, the puncture performed, and the arm wiped 
with sterile cotton. Five hundred tests were easily done in an hour by 
using two tables and an adequate corps of assistants. 

Reactions were read in the classrooms at the end of forty-eight hours, 
and then, one week later, when negative reactors reported for the intra- 
cutaneous test. Reactions were recorded as slight, one plus, two plus, 
and three plus. 

The number reacting definitely positive to the original cutaneous test 
was 532, or 37.02 per cent of the total number tested. 

All negative and slight reactors were given the intracutaneous tests, 
and it is of interest to note that nearly a third, 31.3 per cent, with a 
minimal redness or infiltration of less than 5 mm., recorded as slight, did 
not later react positively to incutaneous injections of full dosage up to 


1 mgm. 


Intracutaneous Tests: Intracutaneous tests on negative or questionably 
positive reactors were performed first with 0.01 mgm. Old Tuberculin. 
The reaction was read forty-eight hours later, and, if negative, 0.1 mgm. 
was injected. Finally the test was repeated on negative or slight reac- 
tors, using 1 mgm. Only a few children who missed an earlier injection 
because of absence from school had a larger dose without the preliminary 
graduated doses. Approximately half a dozen moderately severe reac- 
tions, with blister-formation, were noted with the last two injections 
but no severe necroses necessitating dressings occurred, and no general 
reactions were observed. 

Results of all tests are shown in table 2. 

The incidence of tuberculous infection as indicated by total positive 
tests was roughly 76 per cent. This figure does not differ to a great de- 
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gree from published statistics in urban communities where the intra- 
cutaneous test was used to full dosage of 1 mgm. 

In Philadelphia, Hetherington, e¢ al. (8), reported in 1929, among 4,107 
school children so tested, an incidence of infection of 71 per cent at ten 
years and 81 per cent at fifteen years. 

Harrington and Myers (9), in Minneapolis, tested with intracutaneous 
tests 2,118 school children from the ages of 6 to 15 years, and found a ris- 
ing incidence of infection to 72 per cent positive at fourteen years. 

Various investigators have noted from 15 to 40 per cent more positive 
reactions where the intracutaneous tests with dosage of 1 mgm. were 
used. Happ and Casparis (10), in 1922, testing approximately 150 
children with extensive miliary tuberculosis, found nearly 40 per cent 
more reactions with the intracutaneous test carried to 1 mgm. They 
concluded that the Pirquet was equal to 0.01 mgm. intracutaneously. 
C. H. Smith (11), reporting results of skin-testing in Bellevue Hospital 
from 1921 to 1928, records, among 3,112 children tested, 242, or 7.8 per 
cent, positive with the Pirquet test and 275 more, or a total of 517, or 
16.5 per cent, positive with the intracutaneous test. Our results were 
very much in accord with these findings, and it seems safe to conclude 
that the complete series of intracutaneous tests will give a considerably 
larger number, usually approximately double the number of positive 
reactions as the original cutaneous test. 

The largest number of these additional positive reactions occur when 
the highest dosage of 1 mgm. is used, and perhaps represents minimal or 
nearly “burned out” infections. Fenger, e¢ al. (12), suggest this as the 
possible cause of a rather large number of questionably positive reactions 
among a group of children tested with the cutaneous test. 

Myers (13) states that ‘‘Recent observations show that hypersensitive- 
ness to tuberculin ebbs and flows; that as far as the Pirquet test is con- 
cerned it may completely die out. However, when the intracutaneous 
test is applied some whose reactions have become weak or even negative 
to the Pirquet test may react positively.” 

Other frequently quoted statistics, based either upon cutaneous tests 
of lower dilutions of intracutaneous tests, show a lower incidence of 
infection than the above-quoted figures. Hetherington (8) has called 
attention to this discrepancy in figures, and concludes that the results in 
these places are not comparable to theirown. For this reason no further 
comparisons are made with our statistics. 
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ROENTGENOLOGICAL EXAMINATION 


Procedure: Single anteroposterior roentgenograms were taken on all 
cases having positive skin tests, with the exception of four children who 
were repeatedly absent or who had dropped out of school before the a 
completion of the survey. In addition, 103 children with negative tests | 
were examined radiographically, and these plates were used as controls 
in establishing a conception of “normal” lung shadows. A certain num- a | 
ber from both groups, approximately 10 per cent, had oblique or semi- 
oblique views taken to clarify suspicious or doubtful lesions. 

A total of 1,332 plates were taken in two institutions, Palama and 
Queen’s Hospital, with nearly identical technique. Children were 
transported to and from the school and institutions by bus, hired espe- 
cially for the purpose. In interpretation of the plates and classification 
of the X-ray lesions, the attempt was made to conform as closely as 
possible to the classification of McPhedran (14). 

Originally it was planned to distribute plates to five different physicians 
for independent readings, and to have final readings made by a com- 
mittee of two or three of these examiners. The marked variation in 
interpretation and the time consumed made the practical carrying out of 
this procedure impossible. It is interesting to note that among 360 plates 
examined by at least two men independently, agreement was obtained 
in only a third. The variation in findings was not surprising when we 
recall the results published by Hawes and Friedman (15), who report 
that, out of a group of 109 films on preventorium children with positive 
skin tests, distributed to six competent clinicians or roentgenologists, 
there was agreement in positive diagnosis in no two men on a single plate. 
It seems quite probable that the more universal application of Mc- 
Phedran’s classification will clarify the interpretation of lesions of child- 
hood to a considerable degree. 

The term “hilum enlargement” was applied to a large group of plates ‘ 
in which shadows in this region appeared heavier or denser than the others. : 
The obvious inadequacy of this diagnosis, as noted by various writers, 
was substantiated. We found as large a percentage of roentgenograms 
having “hilum enlargement” among those with negative skin tests as 
among those with positive tests. These figures are readily shown in 
table 3. 


Results: The most frequent radiological finding interpreted as having 
positive significance was the presence of calcification, occurring in iso- 
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lated lung foci or in the mediastinal or hilum region, probably in lymph 
nodes. These lesions, classified as latent childhood lesions, occurred in 
176 cases, or 14.5 per cent of all those having X-rays taken. Only one 
definite latent childhood lesion was recorded among the group of 103 
having negative skin tests. Of the group with positive cutaneous tests 
24.5 per cent were so classified; while 12.8 per cent reacted to 0.01 mgm. 
Old Tuberculin intracutaneously, 9.5 per cent to 0.1 mgm., and 5.4 per 
cent to 1 mgm. 

Definite adult pulmonary lesions occurred in 1.1 per cent of all children 
examined radiographically. The great majority, 11 out of 13, occurred in 
those reacting positively to the Pirquet test. One occurred in the group 
reacting to 0.01 mgm. intracutaneously, and one reacting only to the 
second dosage, 0.1 mgm. 

Suspicious pulmonary lesions, requiring careful follow-up study, oc- 
curred in 10 children, and these were distributed evenly among the groups 
reacting positively to cutaneous and intracutanous tests of all three 
dilutions. 

Lesions classified as pleurisy, and (or) childhood infiltrations, so 
grouped because of the small number, were noted only four times, twice 
among the group with positive cutaneous tests and twice among those 
reacting to 0.1 mgm. intracutaneously. 

The statistics recorded in table 3 give weight to the opinion that the 
intracutaneous test, applied to 0.1 mgm., will be a sufficiently fine “‘sieve”’ 
to pick out for further radiographic or physical examination cases with 
serious tuberculous involvement. Though our experience does not agree 
with that of McCain (16), who states that the 1-mgm. dose gives “few 
additional reactors,’’ we do believe with him that, for the selection of cases 
for more intensive study, the second dilution is satisfactory. 

The reported results of X-ray examination in different places vary 
according to the method used for selection of cases, age-groups studied, 
etc. The usual percentage of adult pulmonary lesions at the high- 
school age is probably approximately the same in most communities. 
Thus Rathbun (17) found in Syracuse County, N.Y., an incidence of 0.84 
per cent in high-school children over 15 years. In 1925, however, the 
same group had an incidence of adult pulmonary lesions of 1.3 per cent. 

Hetherington’s statistics (8), for the age-group from 10 to 14 years, 
record 10.1 per cent tuberculous foci in lungs or lymph nodes; 0.7 per 
cent, latent childhood infiltration; 0.4 per cent, latent apical tuberculosis; 
and 0.5 per cent, manifest tuberculosis. In the group from 15 to 19 years 
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these percentages were tuberculous foci in lungs or lymph nodes, 18.6 per 
cent; latent childhood infiltration, 1.5 per cent; latent apical tuberculosis, 
1.0 per cent; and manifest tuberculosis, 0.6 per cent. 


RELATION TO SEX 
Tuberculin Skin Tests: A very distinct difference is noted in the per- 
centage of positive reactions to the tests in males and females in our series, 
as recorded in table 4A. 


TABLE 4A 
Relation of sex to tuberculin skin tests 


MALES FEMALES 


Number Per cent Number Per cent 


Cutaneous tests positive 293 38.5 239 sa,20 


Intracutaneous tests positive 314 240 
All tests positive 607 78.45 479 70.85 


Negative skin tests 154 20.23 197 29.14 


TABLE 4B 
Relation of sex to X-ray lesions 


MALES FEMALES 


Number Per cent Number Per cent 


Adult pulmonary tuberculosis 6 0.9 1.34 
Suspicious pulmonary tuberculosis 0.75 0.96 
Childhood lesions 14.45 14.58 
Pleurisy 0.6 
Total X-ray lesions 16.7 16.9 
No demonstrable X-ray lesion (including no 


83.3 433 83.1 


Hetherington (8) finds always a higher percentage of positive reac- 
tions among girls than among boys, varying from 13 per cent more at 
5 years to 0.5 per cent more at 15 years. 

Fenger, Mattill and Phelan (12) found in rural Minnesota, among 3,011 
school children from ages of 5 to 18, 2 per cent more girls reacting posi- 
tively to the Pirquet test than boys. 

Ferguson (18) found a 2.2 per cent higher incidence of infection among 
boys than girls, as determined by the Pirquet test applied to 1,346 chil- 
dren in Saskatchewan in 1922. 
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Chadwick and Zacks’s study (19) of 42,071 children in Massachusetts 
revealed a preponderance of positive reactions among males of all large 
nationality groups except English, Scots and Scandinavians. 

Though our school-survey series shows a preponderance of positive 
reactions among males, there was a slightly larger number of positive 


TABLE 5A 
Relation of age to tuberculin skin tests 


NEGATIVE SKIN TESTS 


ALL TESTS POSITIVE 


CUTANEOUS TESTS POSITIVE 


TOTAL TESTED 


AGE 


Number Per cent Number Per cent Number Per cent 
11 5 45.4 9 81.8 2 18.2 11 
12 42 29.6 108 76.0 34 24.0 142 
13 114 35.0 245 (cy. 81 24.8 326 
14 166 36.7 328 4255 124 27.4 452 
15 112 38.2 221 75.4 72 24.6 293 
16 72 43.4 134 80.7 32 19.3 166 
17 20 47.6 36 85.7 6 14.3 42 
18 1 20.0 5 100.0 5 
1,086 


TABLE 5B 
Cutaneous tests on clinic patients by age 


DOUBTFUL Os TOTAL TOTAL 


CONTACT 


POSITIVE; pr att POSITIVE; NEGATIVE 
PIRQUET ane PIRQUET PIRQUET 
AGE POSITIVE pn ono TESTS TESTS 


Num-| Per |Num-| Per | Num-]| Per | Num- Per 
ber | cent | ber | cent ber | cent | ber cent 
55 21.23} 8] 7.84) 63 |17.45) 298 | 82.54 
164 |40.00} 29 |16.66} 193 |33.04) 391 | 66.95 
From 10 to 15 years..................| 109 |45.41} 33 |22.44) 142 [36.69] 245 | 63.30 
From 15 to 20 years..................| 36 |68.02} 27 |51.04) 63 [59.43] 43 | 40.56 
8 166.60} 13 69.19} 21 168.00} 10 | 32.00 
372 |38.3 | 110 |22.00} 482 |23.00) 987 | 67.00 
| (1,469) 


reactions among females than males, in a series of cutaneous tests per- 
formed on 1,469 persons in the Chest Clinic, where approximately two- 
thirds of the group were contacts. 


Roenigenological Findings: The total number of X-ray lesions was prac- 
tically the same in the two groups, males and females, and the percentage 
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of cases showing latent childhood lesions was practically identical in the 
two groups. The lesions designated as pleurisy occurred more fre- 
quently in males, but the percentage of adult pulmonary tuberculosis 
and suspicious pulmonary lesions was greater among females than among 
males. 

The findings of Hetherington, et al. (8), show all lesions more frequent 
in girls of the ages of 12 to 19 years, and manifest pulmonary tuberculosis 
over twice as frequent. The greater frequency of adult pulmonary 
tuberculosis among girls in the adolescent and early adult years is com- 
parable with the universally higher death-rate among girls than among 
boys of this age-group. Records of the mortality rates in Hawaii for 
the past few years show this same preponderance. 


RELATION TO AGE 


Table 5A, showing the relation of skin tests to age, indicates a trend to- 
ward a progressive increase in positive tests in the older age-groups. 
The findings of investigators in all other communities indicate this same 
progression. In our series the cutaneous gave a more uniform trend than 
the intracutaneous tests. 


The same general trend is noted in table 5B, which records the tabula- 
tion of cutaneous skin tests by age-groups, in a series of 1,469 Chest Clinic 
patients. The greatest increase in positive reactions occurs in the two 
age-groups of 5 to 10 years and of 15 to 20 years. 

The average age of the group tested in the school survey was a fraction 
over fourteen years. 


RACIAL GROUPS 


Skin Tests: For purposes of accurate comparison of statistics regarding 
race, the numbers falling into certain groups are obviously too small to 
be of any significance. Thus we find only 20 Caucasians, and less that 
50 each of Koreans, Hawaiians, and Porto Ricans tested. Table 6A 
presents the results of skin tests in the 10 outstanding races in the 
Territory. 

An analysis of the mortality rates by race shows these same racial 
groups having for the past five years an average mortality rate as follows: 
Hawaiian, 399; Korean, 168; Porto Rican, 133; Chinese, 144; part-Hawai- 
ian, 113; Japanese, 101; Portuguese, 62; and other Caucasian, 25 per 
100,000. Among these there were only four having approximately 
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100 or more tested; namely, Chinese, Japanese, part-Hawaiian and 
Portuguese. 

Ferguson’s (20) tests on children in Saskatchewan suggest that there 
is some correlation between mortality and percentage of positive reac- 
tions. Thus he reported an incidence of tuberculous infection among 


TABLE 6A 
Relation of nationality to tuberculin skin tests 


TUBERCULIN SKIN TUBERCULIN SKIN 
NUMBER TESTS POSITIVE TESTS NEGATIVE 
NATIONALITY TESTED 


Number | Per cent | Number | Per cent 


Filipino 43 39 90.7 9.3 
Korean 35 29 82.8 17.1 
220 81.4 18.5 
20 16 80.0 20.0 
91 71 78.0 21.9 
49 38 77.5 22.4 
Japanese tS 26.4 
Porto Rican 13 9 69.2 20.7 
Portuguese 96 66 68.7 3h2 


Caucasian-Hawaiian 95 65 68.4 


TABLE 6B 
Relation of nationality to tuberculin skin tests and mortality rates 


TUBERCULIN AVERAGE 
NATIONALITY SKIN TESTS |MORTALITY RATE 
POSITIVE PAST 5 YEARS 


Der cent 


Chinese 81.4 114.4 
100.3 
73.1 113.0 
62.0 


Japanese 
Part-Hawaiian 
Portuguese 68.7 


Saskatchewan-born Indians of 92.5 as against 50.7 per cent for locally 
born non-Indians. The mortality rate for Indians was some twenty 
times that of the surrounding white population. McCain’s (16) statis- 
tics for North Carolina show 5 per cent more positive skin tests among 
Negroes than for white children of all age-groups. 

Chadwick (21), however, found, among 100,000 children tested in 
Massachussetts, no distinct differences in racial groups when there was no 
history of contact. The variation was directly proportional to the per- 
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centage of cases with definite contact in the groups. This finding in such 
large numbers of cases examined has most important significance. 

A recheck of the statements of certain individual pupils with records 
available in the Chest Clinic has shown that their statement of contact 
was quite incomplete. It seems probable, however, that the death-rate 
among different racial groups is a crude index of opportunity of home con- 
tact. Thus there is a partial correlation, as shown in table 6B, between 


TABLE 6C 
Relation of nationality to cutaneous tests in school survey and chest clinic 


SCHOOL SURVEY; CHEST CLINIC; DEFINITE 


CONTACT; PIRQUET 
PIRQUET POSITIVE 
NATIONALITY Q POSITIVE 


Number Per cent Number Per cent 


Filipino 25 : 21 39.0 
Other Caucasian 9 F 13 50.0 
Hawaiian 22 : 20 37.0 
Korean 15 : 11 25.6 
Asiatic-Hawaiian 36 ‘ 26 37.0 
33 39.0 
23 27.4 


Japanese 
Caucasian-Hawaiian 
Portuguese 


179 
19 
16 


43 .0 
42.3 
35.6 


TABLE 6D 


Relation of nationality to skin tests and X-ray findings 


NATIONALITY 


TUBERCULIN SKIN TESTS 
POSITIVE 


X-RAY LESIONS POSITIVE 


Number 


Per cent 


Number 


Per cent 


Japanese 
Chinese and Korean 


533 
249 
174 
130 


73.5 
81.6 
74.0 
75.5 


110 
34 
29 
26 


18.45 


the percentage of infection and the average death-rate in four larger racial 
groups. 

When, however, a comparison is made, as in table 6C, between the per- 
centage of positive reactors to cutaneous tests in school children in differ- 
ent racial groups and in clinic patients with definite history of contact in 
these same racial groups, there is no agreement in findings. This, per- 
haps, is an approach to the same conclusion as Chadwick’s, namely, that 
opportunity for contact is more important than any racial susceptibility. 
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Roentgenological Findings: For purposes of general correlation, several 
smaller more or less related racial groups were combined, so as to give 
four groups of fairly representative numbers; namely, Japanese, Chinese 
and Korean, Hawaiian and part-Hawaiian, and All Others. 

A comparison of tuberculin skin tests and X-ray lesions in these four 
groups is shown in table 6D. 

Adult pulmonary lesions are found in 9 Japanese, 1 Chinese, 2 Hawai- 
ians and part-Hawaiians, and once among All Others. 

In this small group then we find no greater percentage of cases having 
positive X-ray findings among these racial groups having a higher per- 
centage of positive skin tests. 


HISTORY OF TUBERCULOSIS IN FAMILY 


Only 33, or 2.2 per cent, of the entire group of 1,437 children gave a 
positive history of contact with the disease. That this information is 
inadequately obtained by mere questioning by school personnel is born 
out by our experience in the Chest Clinic. Upon further detailed ques- 
tioning of selected cases examined here and consultation of records avail- 
able to us in the Tuberculosis Bureau, a number of children were found to 
have made incorrect statements regarding home contact. 

Of the 33 having a definite history of home contact with tuberculosis, 
only three reacted negatively to tuberculin. Thirty-two of these, or 
18.75 per cent, had demonstrable X-ray lesions, all of the type classified 
as latent childhood lesions. | 


STATEMENT WHETHER WELL OR NOT 


Tuberculin Skin Tests: Pupil’s Statement: To the question as to 
whether or not they considered themselves well, 1,409 answered in the 
affirmative, and only 28 stated that they were not well. 

In relation to the skin test, 1,061, or 97.7 per cent, considered them- 
selves to be well and 25, or 2.3 per cent, stated that they were not well. 
The negative reactors had only 3 out of 351, or 0.8 per cent, who volun- 
teered that they were unwell. 


Teacher’s Statement: A slightly larger number of children in both 
groups were considered “‘not well” by teachers answering the same ques- 
tion. Based upon observation in the classroom, 971 of 1,086 tuberculin- 
positive children, or 89.4 per cent, were considered well, and 115, or 10.5 
per cent, were stated to be not ‘“‘up to par.” Of the negative skin-test 
children, 316, or 90 per cent, were considered well and 10 per cent unwell. 
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The evidence that tuberculous infection, per se, does not affect the sense 
of well-being, as experienced by the child or the child’s reactions as ob- 
served in the classroom, is in accord with our conception of this condition. 


Roenigenological Findings: Pupil’s Statement: Twelve out of 13 chil- 
dren, 92 per cent, with adult pulmonary tuberculosis, demonstrable on 
the X-ray, stated that they were well, and all those with suspicious pul- 
monary lesions answered likewise. 


TABLE 7A 
Relation of pupil’s and teacher’s statement, “whether well or not,” to skin test 


TEACHER’S STATEMENT 


PUPIL’S STATEMENT 


Well Not well Well Not well 


Per 
cent 


Num- 
ber 


Per 
cent 


Num- 
ber 


Per 
cent 


Num- 
ber 


Per 
cent 


Num- 
ber 


1,061/97.69} 25 | 2.3 | 971 |89.4 | 115 /10.5 
348)99.14) 3 | 0.85) 316 {90.02} 35 | 9.97 


TABLE 7B 
Relation of pupil’s and teacher’s statement, “whether well or not,” to X-ray lesion 


TEACHER’S STATEMENT 


PUPIL’S STATEMENT 


Well Not well Well Not well 

Num-| Per |Num-| Per | Num-} Per Per 

ber cent cent ber | cent ber | cent 
Adult pulmonary tuberculosis.......... 12} 92.3 | 1 | 7.69} 10/76.9 3 {23.07 

Suspicious pulmonary tuberculosis. ..... 10]100.00) 8/80.0 2 |20.0 

Childhood lesions and pleurisy.......... 171) 97.15] 5 | 2.84) 155/88.06) 21 |11.9 
lesions =... 193] 96.98} 6 | 3.0] 173/86.93) 26 |13.06 


Only 6, or 3 per cent, of the entire group with demonstrable roentgeno- 
logical lesions stated that they were not well. On the other hand, 
22, or 1.7 per cent, out of a group of 1,238 having either no X-ray taken or 
negative X-ray findings, stated that they were not well. The difference 
of 1.3 per cent in groups of such unequal numbers is hardly sufficient 
to be of any significance. 

Teacher’s Statement: Three of the 13 children with adult pulmonary 
lesions, or 23 per cent, were considered by the teachers to be not up to 
standard; and 26 with demonstrable lesions of all types, 13 per cent, were 


Fro rn 


i | 

re 

is 

ay 


TUBERCULOSIS SURVEY IN HONOLULU 507 


stated to be “‘not well.” Of those without demonstrable lesions, 10 per Hi 
cent were likewise considered not well. 

The surprising fact demonstrated by these figures is that the children 
with obvious lung involvement were not noticeably affected by this 
change. The findings verify the observation that the usual method of 
selecting cases for special study by teachers or others in the school misses 
a large percentage with serious tuberculous involvement. Furthermore, 
they bring forcefully to our attention the fact that by this means, the 


TABLE 8A 
Relation of days absent because of illness to skin test 


3 To 14 Days OVER 14 pays 


0 To 3 DAYS 


Number|Per cent|Number}Per cent|Number|Per cent 


Ski teste 936 | 87.15} 129 | 12.0 9 | 0.83 
291 | 82.9 59 | 16.8 1 | 0.28 


TABLE 8B 
Relation of days absent because of illness to X-ray lesion 


0 To 3 Days 3 To 14 DAYS OVER 14 Days 


Number/|Per cent|Number|Per cent}Number|Per cent 
Adult pulmonary tuberculosis................ 10] 76.9 2115.38) | 7:60 
Suspicious pulmonary tuberculosis............ 9} 90.0 1 | 10.0 0 
Childhood lesions and pleurisy................| 144) 82.28) 29 | 16.57) 2 | 1.14 


school survey, we are discovering a larger percentage of cases actually in 
the preclinical stage. 


RELATION TO DAYS ABSENT BECAUSE OF ILLNESS 


Tuberculin Skin Tests: The statement of days absent because of ill- 
ness, as determined by the school records, was expressed in summary as: 
none to three days, three to fourteen days, and over fourteen days. The 
relation to skin tests is expressed in table 8A. 

From these statistics it may be concluded that tuberculous infection 
is of no importance in increasing absent periods among children of this 


age group. 
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Roentgenological Findings: The apparent increase of only 4.5 per cent 
in absent periods of over three days in the group with demonstrable 
X-ray lesions is not a remarkable finding. The prolonged absent period 
was evidently lacking in even those cases with adult pulmonary tuber- 
culosis, since only one of the group of 13 cases had absences over 14 days. 
It seems not at all improbable that the presence of such significant de- 
gree of tuberculous involvement as to cause demonstrable lung or lymph- 
node changes might prolong absences, or make the group so affected 
more susceptible to minor disturbances causing rather frequent absences 
from school. It may be that the degree of increased absences is repre- 
sented in the small difference of 4.5 per cent. It is evident that the 
tuberculous involvement, per se, is not causing sufficient disturbance to 
seriously affect school attendance. 


RELATION TO WEIGHT 


Tuberculin Skin Tests: The relation of weight to normal, based upon 
the Emerson modification of the Wood-Baldwin tables, was determined 
by a single weighing made and recorded by school personnel at the be- 
ginning of the survey. Variation from normal is expressed in percentage. 

The findings in relation to the skin reaction are recorded in table 9A. 

These findings are in accord with those expressed by other investiga- 
tors, such as Chadwick and Zacks (2), Hetherington (22) and Fenger (12), 
who find that the percentage of positive reactions is practically the 
same whether the children tested are overweight, average weight or 
underweight. 

It has been demonstrated by Turner (23), in carefully controlled re- 
peated weighings of groups of children, that such apparently minor 
variables as the calculation of age and height to nearest whole number, 
weighing with or without shoes, and the use of different height and weight 
tables, may affect the relationship of weight to normal as much as 10 per 
cent, and in combination they cause considerably more variation than 
this. He concludes that variations of less than 10 per cent may fall 
within normal limits, particularly when one considers not only these ele- 
ments of faulty and varying technique, but hereditary differences of the 
bony skeleton. So with measurementsof groupsof several different races, 
having totally different racial habitus, frequently different food habits 
and living conditions, it seems logical to conclude that a variation of less 
than 10 per cent has no possible significance. In the group tested, those 
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over ten per cent underweight show a variation of only 0.22 per cent 
between positive and negative reactors. 


TABLE 9A 
Relation of weight to skin test 


TUBERCULIN SKIN TEST 
NEGATIVE 


TUBERCULIN SKIN TEST 
POSITIVE 


Number 


Per cent 


Number Per cent 


134 12.33 38 10.82 
Underweight, 5 to 10 per cent................. 292 26.88 106 30.11 


Underweight over 10 per cent................. 89 8.19 28 7.97 


TABLE 9B 
Relation of weight to X-ray lesion 


OVERWEIGHT | 5 pep cENT 5 To 10 PER | OVER 10 PER 
OR NORMAL |. Depweicnt | CENT UNDER- | CENT UNDER- 
WEIGHT WEIGHT WEIGHT 


Per |Num-| Per 
cent ber | cent 


Per 
cent 


Num- 
ber 


Adult pulmonary tuberculosis........... 4 |30.76, 3 |23.07) 5 |38.46) 1 | 7.69 


Suspicious pulmonary tuberculosis. .... . . § 4 144.44) 2 |22.22 
Childhood lesions and pleurisy...........}| 90 |50.84) 24 |13.55} 50 |28.24) 13 | 7.34 
Total 97 148.74, 27 |13.56) 59 |29.64) 16 | 8.04 


653 |52.74| 145 |11.71} 339 |27.38) 101 | 8.15 


TABLE 9C 
Relation of weight to race and sex 


51T0 10 PER | OVER 10 PER 
CENT UNDER- | CENT UNDER- 
WEIGHT WEIGHT 


OVERWEIGHT 
OR NORMAL 
WEIGHT 


5 PER CENT 
UNDERWEIGAT 


Num-} Per | Num-| Per | Num-| Per | Num-| Per 

ber | cent | ber | cent | ber | cent | ber | cent 
215 {51.68} 58 |13.94) 130 |31.25) 13 | 3.12 
Japanese. female 172 |55.66} 36 |11.65} 70 |22.65} 31 |10.0 
Chinese and Korean, male.............. 62 |41.61| 21 |14.09} 50 |33.55} 16 {10.73 
Chinese and Korean, female.............| 53 |33.97| 23 {14.74 51 |32.69| 29 |18.58 
Hawaiian and part-Hawaiian, male...... 64 61.53] 11 |10.57; 21 /20.19) 8 | 7.69 
Hawaiian and part-Hawaiian, female.... . 85 |64.88] 11 | 8.39) 22 |16.79) 13 | 9.92 
50 |54.34, 5 | 5.43} 33 |35.86) 4 | 4.34 

female: sic ee 50 |62.5 7 | 8.05 19 
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Roentgenological Findings: Applying this same minimum standard of 
significant deviation from normal of over 10 per cent underweight to 
cases with and without demonstrable X-ray lesions, we find no appreci- 
able difference in those with adult pulmonary lesions, total demonstrable 
lesions, and no X-ray lesions. Lesions are becoming evident by this 
school-survey method before serious weight loss has been affected. 

The variation among different racial groups is more readily shown. 
Thus, as noted in table 9C, we find a maximum variation in groups more 
than 10 per cent underweight, from 3.12 per cent in Japanese males to 
18.58 per cent in Chinese females. 


RELATION TO WEIGHT CHANGE 


It is beginning to be considered that the weight change, that is, gain or 
loss, over a period of months, is of greater significance than percentage 
overweight or underweight, as determined by standard height and weight 
tables. With this in mind, school records were consulted to obtain this 
information in all cases in which such information was available. We 
had records on 1,177 children, 260 having no previous weight recorded. 
The weight had been taken in October, 1928, for 293 children, and in 884 


the weight change since October, 1929, was available. The second weight 
taken in April, 1930, gives a period of 18 months in the first smaller group, 
and of six months for the larger group of 884 children. In general com- 
pilation, the two were combined, and the average gain per month ex- 
pressed as follows: 


1: Loss, no gain, or gain of less than one-fourth pound per month, obviously 


an unsatisfactory weight gain. 
2: Gain of one-fourth to one-half pound per month, as questionably satis- 


factory weight gain. 
3: Gain of over one-half pound per month, considered for group purposes as a 


satisfactory weight gain. 


It is interesting to note that there were only 43 pupils, 4.3 per cent of 
the children having records available for study, showing a weight loss or 
absolutely no gain, 24 in six months, and 19 in eighteen months. One 
hundred and fifty-seven children averaged over one pound gain per 
month for eighteen months, and 166 the same for six months. The 
number 323, gaining over a pound per month, represents 30 per cent 
of the number with weight previously recorded. 
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Tuberculin Skin Tests: The relation of the skin tests to the weight gain 
is expressed in table 10A, in which those reacting positively or negatively 
are divided into the three previously designated groups. 
One per cent more children with positive skin tests made totally unsat- 
isfactory weight gains of less than a quarter-pound a month than those 
with negative tests. Three per cent more with negative tests fell into 
the doubtful group, and a satisfactory weight gain of one-half pound or 
over is recorded in 2 per cent more among the positive-test group. 


TABLE 10A 
Relation of weight gain to skin tests 


OVER } LB. GAIN 
PER MONTH 


4 To 4 LB. GAIN 
PER MONTH 


LESS THAN } LB. 
GAIN PER MONTH 


Number|Per cent} Number|Per cent 


Number/Per cent 


Tuberculin skin tests, positive................ 117 | 13.22} 159 | 17.98} 608 | 68.77 
Tuberculin skin tests, negative............... 36 | 12.28) 62 | 21.16) 195 | 66.56 


TABLE 10B 
Relation of weight gain to X-ray findings 


OVER } LB. GAIN 
PER MONTH 


+ TO 3 LB. GAIN 
PER MONTH 


LESS THAN } LB. 
GAIN PER MONTH 


Number|Per cent] Number|Per cent] Number}Per cent 
Adult pulmonary tuberculosis................ 2. | 18318; 20.28 
Suspected pulmonary tuberculosis.............| 2 | 22.22} 2 | 22.22) 5 | 55.55 
Childhood lesions and pleurisy................| 20 | 13.98) 28 | 19.58} 95 | 66.42 
24 | 14.72} 36 | 22.0; 103 | 63.18 
129 | 12.7 | 185 | 18.2 | 700 | 69.0 


It is evident from these figures that tuberculous infection, as indicated 
by the positive skin test, does not influence appreciably the weight gain in 
children of this age-group. 


Roentgenological Findings: The variation, as indicated in table 10B, is 
more suggestive than in any other correlation of factors. Thus we find 
nearly 2 per cent more with demonstrable X-ray lesions making totally 
unsatisfactory weight gains, and 4 per cent more making a doubtful gain 
of a quarter to a half-pound a month, than those with no X-ray lesion. 
The difference is more striking in the small adult pulmonary group, in 
which 42 per cent fewer made totally satisfactory weight gains than those 
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with no X-ray lesion. Perhaps, however, it is more surprising that nearly 
a third of this group made gains of one-half pound or more per month, 
which is ordinarily accepted as satisfactory by one observing the child 
in school. Thus the fact is again emphasized that by the school-survey 
method we are discovering not only childhood lesions but those of the 
adult pulmonary type in a latent, preclinical stage. 


TABLE 11A 
Relation of temperature to skin tests 


98° To 99° 99° To 99.6° | 99.6° ro 100° | oveER 100° 


Num-| Per |Num-| Per |Num-| Per |Num-| Per 
ber | cent ber | cent ber | cent ber | cent 


Tuberculin skin tests positive 842 |78.03) 210 |19.46) 22 | 2.03] 5 | 0.46 
Tuberculin skin tests negative 201 177.2 | 68 119.37; 9 | 2.56) 3 7 0:85 


TABLE 11B 
Relation of temperature to X-ray lesion 


98° To 99° | 99° To 99.6° | 99.6° To 100°} oveER 100° 


Num- } -| Per Per | Num-| Per 
ber cent cent ber | cent 


Adult pulmonary tuberculosis ‘ 8.33 16.66 
Suspected pulmonary tuberculosis 33.33 
Childhood lesions and pleurisy 24.85 01.12 


Total X-ray lesions 24.24 2252 
No X-ray lesion 18.66 2.1 


RELATION TO TEMPERATURE 


Of the 1,437 children 1,430 had temperatures recorded. Two tempera- 
ture readings were routinely made during the afternoon periods, and, if 
there was a marked variation of over two degrees, a third was taken. 

These were tabulated in the following groups: 98° to 99°, 99° to 99.6°, 
99.6° to 100°, and over 100°. Eleven hundred and thirteen, or 77.8 per 
cent, fell into the first group; 278, or 19.4 per cent, had temperatures 
from 99° to 99.6°; 31, or 2.2 per cent, were in the group from 99.6° to 
100°; and 8, or 0.55 per cent, had temperatures recorded over 100°. 


Tuberculin Skin Tests: Comparison of skin tests with temperature 
records shows that the positive skin test is not evidenced by any higher 
temperature than the negative, as recorded in table 11A. 
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Roentgenological Findings: Again the difference between positive and 
negative findings in relation to temperature is not sufficient to establish 
the procedure of temperature-taking as a routine measure in assisting 
in the early diagnosis of tuberculosis among school children. The great- 
est difference was in the percentage of adult pulmonary cases having 
temperatures between 99.6° and 100°. None had a fever of over 100° 
recorded. 

The temperatures in girls were uniformly higher than in boys, 22.8 per 
cent recording temperatures of 99° to 99.6°, as against 16.4 per cent among 
the boys, and 2.5 per cent temperatures of from 99.6° to 100° among the 
girls and 1.85 per cent for the boys. 


SUMMARY 


Application of the tuberculosis-survey method to one representative 
junior high-school in Honolulu has yielded information which assists in 
evaluating the method as used under local conditions, and which is sug- 
gestive of important epidemiological facts to be acquired by a continua- 
tion of the survey. 

1: 1,437 students tested (of age-group 11 to 18 years) gave 75.57 per 


cent positive tuberculin tests with cutaneous and intracutaneous tests 
carried to doses of 1 mgm. 

2: Cutaneous tests gave 532, or 37 per cent, positive reactions, less 
than one-half as many as the complete series of intracutaneous tests. 

3: Roentgenological examinations of all positive reactors revealed 13 
cases of adult pulmonary tuberculosis, 10 suspected pulmonary tubercu- 
losis, and 175 lesions classified as of the childhood type (including pleu- 
risy). Probably nearly all of this last group were latent or nearly healed. 

4: These demonstrable X-ray lesions occurred practically entirely in 
those reacting positively to tuberculin. Of this group 1.2 per cent 
showed adult pulmonary tuberculosis, and the frequency of total demon- 
strable lesions in the group was 18.8 per cent. Lesions were most fre- 
quent among reactors to cutaneous tests or intracutaneous tests with 
dosage of 0.1 mgm. or below. 

5: Males showed a higher incidence of tuberculous infection than fe- 
males, but adult pulmonary tuberculosis was more frequent among fe- 
males, and the percentage of total demonstrable X-ray lesions was prac- 
tically identical in the two sexes. 

6: Infection was more frequent in the older age-groups. The average 
age of the group studied was 14 years. 
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7: The study of infection in relation to race shows, when numbers are 
sufficient for any comparison, high rates of infection among Chinese and 
low rates among Portuguese, with Japanese and part-Hawaiian falling 
between these two. There is some suggestion of correlation between 
death-rates and percentage of infection, but the same findings do not apply 
in the Chest Clinic, where two-thirds of the cases are definite ‘‘contacts.”’ 

8: The history of home contact with tuberculosis, as obtained routinely 
by questioning through school personnel, is incomplete and unsatis- 
factory, but the group having positive histories showed 10 times as many 
positive as negative reactions. 

9: The statement “‘whether well or not,” as related by both pupil and 
teacher, showed little correlation either with tuberculous infection or 
demonstrable X-ray lesions, even of the adult pulmonary type. 

10: Infection, as evidenced by positive skin tests, did not affect the 
periods of absence from school because of illness. A difference of 4.5 per 
cent, only, was found in the group with demonstrable lesions having ab- 
sences of over 3 days. 

11: Neither infection nor demonstrable lung or lymph-node changes 
affected the percentage of children 10 or more per cent underweight. 

12: The relative weight gain showed the greatest alteration in the 
group with adult pulmonary tuberculous lesions and a barely perceptible 
degree of variation where there were demonstrable latent childhood le- 
sions or mere tuberculous infection. 

13: Temperature records do not show appreciable differences in those 
with positive skin tests, tuberculous infection or those with demonstrable 
X-ray lesions. 


CONCLUSIONS 


The application of the tuberculosis school-survey method to a com- 
munity of complex racial groups will yield valuable epidemiological 
information. 

The percentage of tuberculous infection in Honolulu is not notably 
higher than in larger urban communities on the mainland, in spite of a 
somewhat higher mortality rate from tuberculosis. 

It is probable that the percentage of infection in different racial groups 
having varying death-rates from the disease is affected only as the oppor- 
tunity of intimate contact, largely in the home, is increased. 

The application of various methods, as classroom observation by the 
teacher, notation of absent periods because of illness, weighing and meas- 
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uring, or temperature-taking, for the selection of cases for special exam- 
nation, will miss a large number of cases with demonstrable, potentially 
langerous and even active tuberculous lesions. 

The application of the method of routine testing with intracutaneous 
ests to at least 0.1-mgm. dosage of tuberculin, and roentgenographic 
examination of all positive skin reactors will reveal many cases that have 
not only latent childhood lesions but adult pulmonary lesions in a pre- 
clinical stage. 


Acknowledgement: This survey was made possible by the donation of $1,500 by the Hono- 
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by the Tuberculosis Bureau of the Board of Health, with the Department of Public Instruc- 
tion and school personnel actively codperating and participating. Costs were kept at a mini- 
inum by the assistance of certain organizations and individuals, who donated freely of equip- 
ment and time. Thus Palama Settlement took half of the roentenograms, and Queen’s 
Hospital the other half. Tuberculin solutions were prepared at the Queen’s Hospital. The 
Palama school nurse assisted Board of Health nurses and school personnel in all activities in 
the school. Certain private physicians assisted in outlining procedure or reading X-rays: 
particularly, Doctors H. L. Arnold, F. M. Brown, A. W. Duryea, F. J. Halford, N. P. Larsen, 
R. L. Perlstein, L. G. Phillips, C. A. Saunders, A. G. Schnack, A. N. Sinclair. 
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APPENDIX 
Tilustrative Case Histories 


Fic. 1 
Case 94. H. T. 
Japanese, female, 14 years, 9th grade. 
Tuberculosis in family: none. 
“Well or not:’’ Pupil: well. Teacher: well. 
Days absent because of illness: none. 
Weight, 79; height, 57; per cent underweight, 4 per cent. 
Change since October, 1928: gain 43 lbs. 
Temperature: 1st, 98.4°; 2nd, 98.6°. 
Pirquet, negative; Mantoux, negative. 
X-ray, negative. 
Diagnosis: No tuberculosis. 
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Case 945. L. W. 

Chi-Hawaiian, female, 15 years, 9th grade. 

Tuberculosis in family: none. 

“Well or not: Pupil: well. Teacher: well. 

Days absent because of illness: 2 days. 

Weight, 118}; height, 62; per cent overweight, 4 per cent. 
Change since October, 1928: gain 9} lbs. 

Temperature: 1st, 98.4°; 2nd, 98.4°. 

Pirquet, positive. 

X-ray: Focal lesion and calcified lymph node. 
Examination: Rough breath-sounds and inconstant fine rales left upper lobe. 
Diagnosis: Latent childhood tuberculosis. 

Treatment: Modified school regimen. 
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Case 1288. G.K. 

Japanese, male 16 years, 9th grade. 

Tuberculosis in family: none. 

‘Well or not:’’ Pupil: well. Teacher: well. 

Days absent because of illness: none. 

Weight, 124; height, 64; normal. 

Change since October, 1928: no record. 

Temperature: 1st, 99.8°; 2nd, 98.8°; 3rd, 99°. 

Pirquet, positive. 

X-ray: Focal lesion and calcified lymph node. Pleurisy left base. 
Examination: Negative. 

Diagnosis: Latent childhood tuberculosis and pleurisy. 
Treatment: Modified school regimen. 


Fic. 4A 
Case 524. B. Y. 
Chinese, female, 13 years, 8th grade. 
Tuberculosis in family: none (father, bone tuberculosis, according to clinic records). 
‘Well or not:’”’ Pupil: well. Teacher: well. 
Days absent because of illness: none. 
Weight, 793; height, 60?; per cent underweight, 15 per cent. 
Change since October, 1928: gain 83 lbs. 
Temperature: Ist, 98.4°; 2nd, 98°. 
Pirquet, positive. 
X-ray: Calcified lymph node. Adult pulmonary tuberculosis. 
Examination: Negative. 
Diagnosis: Pulmonary tuberculosis IA. 
Treatment: Modified school regimen. 


518 
rie. 3 
| 


TUBERCULOSIS SURVEY IN HONOLULU 


ii 
| 
q 
519 
= 
; 
/ VAS \ 
a 
vad 
Fic. 3 
| 
“a 
Fic. 4A , 
fj 
| 
i 
| 
4 
| 
| 


S. E. DOOLITTLE 


Fic. 4B 


Follow-up notes on case 524, B. Y. On modified school regimen and apparently well at 
beginning of school. 

November 8, 1930. Weight, 82lbs. X-rayshowsextension. Still no rales. 

November 14, 1930: Admitted to Leahi Home. 

January, 1931: Artificial pneumothorax started. 


Fic. 


Case 273, K. K. 

Japanese, male, 16 years, 8th grade. 

Tuberculosis in family: none. 

“Well or not:’” Pupil: well. Teacher: well. 

Days absent because of illness: none. 

Weight, 1223; height, 65; normal. 

Change since October, 1928: gain 133 Ibs. 

Temperature: Ist, 98.6°; 2nd, 98.8°. 

Pirquet, positive. 

Notes: Pain in chest; ill 2 months in Japan. No complaints, no cough, tired only after 
excessive exercise, as hiking. 

X-ray: Caseocalcified lymph node. Adult pulmonary tuberculosis, right upper lobe. 

Diagnosis: Pulmonary tuberculosis, moderately advanced A. 

Treatment: Leahi Home advised and refused after repeated urging. Excluded from 
school, under private doctor’s care. 
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RACIAL SUSCEPTIBILITY TO TUBERCULOSIS 
EMIL BOGEN! 


Mortality and morbidity statistics give us abundant evidence that 
tuberculosis is not uniformly distributed among the different peoples of 
the earth (1). Even in the same time and place the incidence of tubercu- 
losis and its death-rate differ widely between the different groups of the 
population (2). The tremendous variations encountered in the reactions 
of different species of animals to experimental infection with human 
tubercle bacilli have furnished an analogy upon which one explanation of 
this phenomenon has been based (3). Although mankind represents only 
a single species, attempts have been made to show that such diverse 
races as the Jewish (4) and the Negro (5) differ in their innate suscepti- 
bility to tuberculosis in the same manner as the rat and the guinea pig. 
The theory of the survival of the fittest has been invoked to indicate that 
people exposed to tuberculous infection for many generations would, and 
actually have, developed genetic strains resistant to the disease (6). 

The role of acquired resistance to tuberculosis has also been emphasized. 
Persons as well as animals, surviving an initial infection with tuberculosis, 
thereafter present greater resistance to reinfection. It has been stated, 
therefore, that the peoples showing a low tuberculosis mortality are 
those who have received their infections during childhood, and overcome 
them, while the more severely ravaged groups are those that reach matur- 
ity without having been exposed to such “‘immunizing”’ infections, and 
therefore are lacking in this acquired allergic response (7). Thus, the 
incidence of healed childhood infections with tuberculosis among the 
American Indians (8), the Kalmucks of the Russian steppes (9), the 
African Negroes (10), and other primitive peoples (11) has been reported 
to be much lower than that of more citified, civilized or “tuberculized”’ 
groups, while the course of phthisis, when it does appear among them, is 
more rapid and fatal, and resembles the puerile type of the disease which 
results from a primary infection. 

It has been suggested that the American Negro may also be affected by 
this condition (12). Undoubtedly the ravages of tuberculosis among 


1 Olive View, California. 
522 


a 
x 
x 
q 
ft 


RACIAL SUSCEPTIBILITY 523 


these people have been many times worse than among their white neigh- 
bors (13). Studies of clinical histories and analyses of autopsy findings 
indicate that fatal tuberculosis among them differs little from fatal tuber- 
culosis among the whites (14), although the reverse has been reported 
(15), and that the general incidence of tuberculous infection, active as well 
as healed, among the Negroes in our Northern cities is at least as great 
as that of the neighboring white population (16). Attention has been 
called to the fact that the tuberculosis mortality among the Negroes 
prior to the Civil War was comparatively low (17), and even to-day their 
tuberculosis death-rates in different localities vary by several hundred 
per cent, following differences in environmental conditions (18). There 
is disagreement as to the effect of racial mixture, some authors agreeing 
with Carter (12) that the mulattoes show a lower death-rate than the full- 
blooded Negroes, while others report that the reverse condition exists 
(19). 

Recently attention has been called to the high tuberculosis death-rates 
among Mexicans in this country, and the existence of a special racial 
susceptibility implied (20). No large series of autopsy findings in Mexi- 
cans in the United States has yet been presented in this connection. The 
few score autopsies thus far performed on Mexican patients at the Olive 
View Sanatorium have revealed the chronic fibroid or ‘“‘adult” type of 
pulmonary tuberculosis to occur in these patients quite as commonly as 
in the whites. It may be of interest to note that in our small series, 
however, several instances of carcinoma of the lungs and other non- 
tuberculous conditions have been found which had been clinically con- 
sidered tuberculous, suggesting that the cited high tuberculosis rates 
among the Mexicans may be due in part to oftener missed diagnoses of 
other conditions. High death-rates from tuberculosis have been re- 
ported among other immigrant peoples in the United States (21), par- 
ticularly the Scandinavians (22), the Irish (23), and the Italians (24). 

Despite the pronounced trend toward standardization and uniformity 
in American life, the living conditions of different elements of the com- 
munity vary widely. Even superficial observation of our Negro and 
immigrant quarters shows that housing conditions, sunlight, ventilation, 
cleanliness and freedom from overcrowding, which are available for one 
racial and economic group, may be beyond the reach of another (25). 
The dietary habits of the group may be of importance in affecting their 
susceptibility to the disease. A high calory diet with an abundance of 
milk and milk-containing foods, adequacy of animal proteins and of 
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vitamine-containing fruits and vegetables may be the usual and custom- 
ary nourishment of one group, but strange and infrequent in the experi- 
ences of another. Overwork and fatigue, the association of various forms 
of dissipation with irregular hours and insufficient sleep, the use of alcohol 
and other drugs, and the incidence of syphilis and other diseases, common 
in some groups and comparatively rare in others, constitute additional 
factors in determining their reaction to tuberculous infection (26). 

The opportunities for the tubercle bacillus to enter the body vary with 
the attitudeof the group toward the care of their afflicted members. Some 
peoples are quick to suspect disease, to call for medical aid in diagnosis 
and treatment, and to separate the invalid from the other members of 
the family, particularly the young, while others fondly linger in the midst 
of their affectionate family and neighbors until they finally expire. The 
differences in exposure to infection under these different conditions can- 
not be exaggerated. It is an old observation that the incidence of tuber- 
culosis is tremendously increased by continued close contact with an open 
case (27). The wonderful reduction in tuberculosis in children following 
the introduction of pasteurized milk presages what might be expected for 
pulmonary tuberculosis if the active vectors of the infection could all be 
hospitalized during their infective stage. The immense difference in the 
curability of the disease when seen in an early stage, as compared to the 
precarious prospects of the far-advanced cases (29), emphasizes the im- 
portance of environmental factors in the development and course of the 
disease. 

Extensive studies have been made of vital statistics in the attempt to 
elucidate the differences in the mortality from tuberculosis among differ- 
ent racial groups. The interpretations of most of these figures have been 
invalidated by the fact that the environmental factors governing the 
extent of exposure to the infection, and the living conditions of the vari- 
ous groups, have been so diverse and uncontrolled. An investigation of 
the fate of a group of patients known to have been already infected with 
the tubercle bacillus, and living under approximately similar conditions, 
may shed some further light upon the problem of racial susceptibility to 
the disease. 

During the past decade there have been admitted to the Olive View 
Sanatorium 4,730 patients suffering from pulmonary tuberculosis. The 
racial composition of this group, the complete records of their condition 
on admission and discharge, and the adequate follow-up data available 
concerning them after leaving the institution made it seem well adapted 
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for this study. Nearly half of these patients were native-born of Amer- 
ican-born parents, about a quarter of them were Mexicans, while the 
remainder included about 5 per cent each of English, Irish and German 
origin, about 4 per cent each of Italians, Negroes and Scandinavians, and 
about 2 per cent each of Orientals, Slavs and Jews, with a small number 
of other nationalities and unknowns. 

The differences in the gross mortality rates in these patients is striking. 
More than half of the Negroes in this institution have already succumbed 
to the disease, and the Scandinavians, Orientals, English, Irish and 
Mexicans also appear to show a high mortality rate. On the other hand, 
only a quarter of the Jewish patients have died since their admission, 
and the Slavs and Americans also show favorable figures. This is quite 
similar to the order of racial mortality that has been cited repeatedly 
elsewhere (21), and has given rise to the notion of innate differences 
in the susceptibility of different peoples to the disease. 

Before this general impression is accepted, however, it may be well to 
examine the data a little more closely. The stage of the disease at the 
time of admission to the Sanatorium, we find, varies just as widely as do 
the mortality figures, and generally in the same direction. Thus, more 
than three-fourths of the Negro patients were already in a far-advanced 
stage at the time of admission to the sanatorium, as compared with less 
than one-third of the Jews. Since we have found that more than half of 
our far-advanced patients have died during this period, while less thana 
fourth of the moderately advanced and only 3 per cent of the minimal 
cases have so far succumbed, this fact alone accounts for the wide appar- 
ent disparity in the death-rates of the different nationalities. 

If we consider the mortality of the patients according to the stage of 
the disease at the time of admission, therefore, the figures appear quite 
different. All but one of the 29 deaths among the patients who were in 
the minimal stage dn admission occurred after they had been discharged 
from the sanatorium. The irregularity of the figures here appears more 
to result from the small numbers involved then from any evident racial 
differences. On the other hand, more than two-thirds of the deaths 
among the far-advanced patients occurred while they were still in the 
institution. The differences here present are, perhaps, due to a tendency 
to admit nearly terminal cases from the Negro, Oriental and other 
immigrant districts. 

The mortality rates among the different races among the moderately 
advanced patients shows surprisingly little variation. What differences 
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do exist could in every instance be practically accounted for by a sin- 
gle individual, and are, therefore, to be attributed to the error incident 
to the use of small figures, rather than to any real differences in the 
death-rates. In this group of nearly a thousand patients all showing 
definite lesions of tuberculosis, in most cases with positive sputum, but 
with the equivalent of one lung still intact at the time of admission, 
about one in every four patients died during the period studied, and this 
same ratio existed in each of the racial groups studied. 

It is recognized, of course, that the classification of cases used here is 
not infallible, and that individual discrepancies in the diagnosis and prog- 
nosis in actual cases must be expected. Nevertheless, the tremendous 
difference in the mortality rates found among the patients in the three 
stages of this classification may be taken as evidence of their prognostic 
value. On the other hand, the fact that patients’of the different races 
who were in the same stage of the disease showed only insignificant differ- 
ences in their mortality rates speaks strongly against attaching any 
weight to the factor of race in evaluating the expectancy of survival of a 
patient with tuberculosis. 

It appears from this study that the greatest discrepancy between the 
death-rates from tuberculosis in patients of different nationalities, in this 
institution, at least, arises from the fact that some groups are admitted 
early in the disease, and others late, and bears little relationship to any 
innate differences in their reaction to the infection after it has reached a 
certain stage. It is not, of course, implied that there are not, in fact, 
great differences in the extent of tuberculosis among different groups in the 
community, nor that the gross mortality rates among these groups do not 
differ widely. In fact, it was this very observation that prompted this 
study. It is maintained, however, that these differences tend to disap- 
pear if the subjects are taken in the same stage of the disease and sub- 
jected to similar environmental conditions. 

The importance of early diagnosis and treatment in tuberculosis 
received additional emphasis from these figures. Those persons and 
groups, who are more accessible to public-health propaganda, more con- 
cerned about their own health and more accustomed to consulting their 
physicians and public-health agencies, are more apt to come in early. 
This fact in itself tends to cut down the exposure of their friends and 
relatives to large doses of virulent infection. This is evidently a matter 
of environment and education, rather than of innate genetic factors. If 
these findings be generally confirmed, efforts against the environmental 
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factors in the spread of tuberculosis may continue without fear of the 
hypothetical biological phenomena of racial and individual inherited 
susceptibility to the disease which have been conjured up to condemn 
such activities and justify neglect (6). 
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Origin Noe Died % 
Negro 183 106 
Norse 164 81 
Asiatic 112° 
English 273 

Latin 172 

Irish 243 

Mexican 973 

German 229 


American 2066 
Slav 117 
Jewish 99 
Unknown 105 


- 


Total 4730 1786 38 


CHART 1. MorTALITY AMONG ALL PATIENTS ADMITTED 
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CuHarT 2. PERCENTAGES OF PATIENTS ADMITTED AS FAR ADVANCED 


Origin No» Died % 


Negro 1 
Norse 

Asiatic 

English 

Latin 

Irish 

Mexican 204 
German 31 
American 385 12 
Slav 16 fe) 
Jewish 41 


CHART 3. MORTALITY OF PATIENTS ADMITTED AS WITH MINIMAL TUBERCULOSIS 
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Origin Noe Died & 


Negro 20 


Norse 25 
Asiatic 14 
English 53 
Latin 31 
Trish 66 
Mexican 186 
German 57 
American 467 111 
Slav 
Jewish 27 


CHART 4. MorTALITY OF PATIENTS ADMITTED AS MODERATELY ADVANCED 


Origin Noe Died 
Negro 101 
Norse 74 
Asiatic 50 
English 

Latin 68 
Irish 80 
Mexican 310 
German 70 
American 1216 579 
Slav 68 28 
Jewish 31 19 


Cuart 5. OF PATIENTS ADMITTED AS FAR ADVANCED 
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TUBERCULOUS INFECTION AMONG SCHOOL CHILDREN 
IN A RURAL AREA IN NEW YORK STATE! 


JOHN H. KORNS 


A study of the epidemiology of tuberculosis in a rural section of Cat- 
taraugus County, New York, was begun in December 1929. The first 
phase of the study has consisted in a careful tuberculin survey of appar- 
ently healthy school children, and this article deals with the results of this 
survey up to December 31, 1930. Other features of the study are in 
progress, such as the X-raying of positive reactors, the tuberculin testing 
and X-raying of their household contacts, a similar examination of a 
random sample for a control group and the collecting of a variety of other 
epidemiological material. Only the tuberculin testing, however, has 
proceeded far enough to warrant reporting. 


METHODS 


A portion of the county was chosen which was essentially rural in 
character, with headquarters in a village from which improved roads 
radiated. This village is used also as headquarters for a morbidity 
survey now being conducted by the United States Public Health Service 
and these two surveys are being integrated. The centre has been 
provided with excellent stereoscopic X-ray equipment and other clinical 
facilities. 

The tuberculin tests were performed and read within schools, during 
school hours.? Eighty-five schools, many of them quite small, in 18 
different townships, were surveyed. Thirteen of the 85 were in villages 
and had a total enrollment of 2,190. Of these, 30 per cent were tested. 
Seventy-two were rural, with an enrollment of 1,048, and 43 per cent of 
those enrolled were tested. A school was not classed as a village school 


1From the Division of Research, Milbank Memorial Fund, and the Cattaraugus County 
Department of Health. This epidemiological study of tuberculosis has the counsel of an 
Advisory Committee of the Milbank Memorial Fund, composed of the following: Edward R. 
Baldwin, M.D., Bailey B. Burritt, Homer Folks, W. H. Frost, M.D., C. J. Hatfield, M.D., 
F. M. McPhedran, M.D., Eugene L. Opie, M.D., Chairman, and Linsly R. Williams, M.D. 

2 These tests were given and the reactions were interpreted by the writer, or, under his 
direction, by a specially trained nurse, Miss Muriel Lowry, R.N. 
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unless it had more than three rooms, and none of the 13 village schools 
had an enrollment of less than 43 pupils. None of the villages had a 
population of more than 1,308. 

Parents were made acquainted with the object and methods of the work 
either through the local newspaper or through printed matter which 
the pupils carried home, along with a “request slip” to be signed and 
returned to the school. In the larger schools the older pupils were told 
something about tuberculosis prevention by the writer, and in every 


TABLE 1 
Number of reactors to quantitative intracutaneous tests among 1,103 apparently healthy children in 
Cattaraugus County attending (1) village and (2) rural schools, classified 
by year of age 


ALL SCHOOLS VILLAGE SCHOOLS RURAL SCHOOLS 
Number of Number Number of Number Number of Number 
children tested positive children tested positive children tested positive 
All ages 1,103 112 650 82 453 30 
years 

5 42 0 25 0 47 0 

6 98 6 53 a 45 2 

7 82 5 41 + 41 1 

8 94 8 39 3 55 5 

9 113 11 57 6 56 5 
10 99 8 47 4 52 + 
ii 114 9 58 5 56 + 
12 111 17 55 11 56 6 
13 94 7 53 5 41 2 
14 75 12 58 12 17 0 
15 68 8 56 7 12 i‘ 
16 55 be 52 11 3 0 
17 25 + 23 + Z 0 
18 15 = 15 4 0 0 
19 18 2 18 Z 0 0 


village entered the local physicians’ support of the work was secured 
before tests were given. 

The only selection resulting, consequently, lay in the element of 
consent by parents. The group of 1,103 tested may be considered, 
therefore, as an unselected sample of the rural and village school children 
in the county. 

The tuberculin used was Old Tuberculin (human) prepared and 
standardized by the New York State Department of Health, and stand- 
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ardized on guinea pigs especially for this study by Dr. J. D. Aronson of 
the Henry Phipps Institute, Philadelphia. Quantitative intracutaneous 
tests with a 26-gauge needle were performed, beginning with 0.01 mgm.., 
followed at successive 48-hour intervals by 0.1 mgm. and 1.0 mgm. in 
case no reaction from a previous dose was noted. Readings were made 


TABLE 2 
Per cent reacting positively to quantitative intracutaneous tests among 1,103 apparently healthy 
children in Cattaraugus County compared for village and rural 
schools in different age-groups 


NUMBER OF CHILDREN PER CENT POSITIVE 


All schools Village schools Rural schools : 
Village | Rural 
All schools schools | schools 


Tested | Positive | Tested | Positive | Tested | Positive 


Allages | 1,103 112 650 82 453 10.2 12.6} 6.6 


years 

5-9 429 215 17 214 7.0 
10-14 493 271 37 222 
15-19 181 164 28 17 


TABLE 3 


Reactors to quantitative intracutaneous tests among 1,087 apparently healthy school children in 
Cattaraugus County classified according to previous residence 


PER CENT POSITIVE OF CHILDREN 
NUMBER OF CHILDREN WHOSE LIFETIME HAD BEEN WHOSE LIFETIME HAD BEEN 


a In County Not in County 


In County | Not in County 


Tested Positive Tested Positive 


All ages 869 66 46 7.6 21.1 


years 

5-9 359 18 12 2 18.5 
10-14 375 31 22 ; 20.2 
15-19 135 17 12 ; 27.3 


after 48 hours and graded as follows: one plus represented an area of 
reaction not more than 10 mm. in diameter; two plus an area of 10 to 15 
mm.; and three plus more than 15 mm. Finally, four plus indicated 
necrosis. Swelling was considered evidence of a positive reaction; 
usually this was accompanied by redness, but a trace of redness without 
swelling was disregarded. 


72 
17.1 | 5.9 
| 
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Table 2, which is a summary of table 1, giving percentages, shows the 
(650 village children to have a higher incidence of infection in each of the 
three age-groups tabulated than do the 453 rural children. Naturally 
there were relatively few. in the oldest of the age-groups still attending 
rural schools; consequently few could be tested. 


Careful inquiry was made regarding previous residence, and it is 
interesting to note the result obtained, as shown in table 3. Those who 
have at some time lived outside the county (largely, but by no means 
exclusively, in cities) exhibit in each of the three age-groups a much 
higher incidence of infection than do those who have lived since birth 
within the county. The total in table 3 is only 1,087, as there were 16 
about whom information regarding previous residence was lacking. 


TABLE 4 


Degree of reaction of 112 reactors among Cattaraugus County school children to dosage of 
different amounts 


DOSAGE IN MGM. O.T. 


DEGREE OF REACTION 


1.0 


Degree of reaction: 


11 


Because of the smallness of the series summarized in table 4, it has 
seemed unwise to attempt to correlate the hypersensitiveness to tuber- 
culin with the supposed severity of infection, either as based upon history 
of known exposure or upon later X-ray findings. Possibly when informa- 
tion is more complete this may be undertaken. ‘Table 4 at least serves to 
show that 10 per cent of the 112 would have been missed if the largest dose 
of 1.0 mgm. had not been given. It is probable also that the practice of 
beginning with 0.01 mgm. instead of with 0.1 mgm. prevented a number 
of unnecessarily severe reactions. 


DISCUSSION 


This extremely low incidence of tuberculous infection among children 
of school age in the more rural parts of Cattaraugus County is striking. 
When placed in contrast with the findings in Chautauqua County, ad- 
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jacent on the west side, where Dr. Rathbun has supervised tuberculin 
surveys for some years, this low incidence is even more striking. Dr. 
Rathbun has very kindly allowed the writer to quote the following figures 
covering the work in Chautauqua County since 1927: Of 4,244 tests on 
village children 26 per cent were positive, and of 775 tests on rural chil- 
dren 15 per cent were positive. The age-period covered by these tests 
was the same in both counties and the proportion tested within the three 
age-groups was essentially the same. In Dr. Rathbun’s survey some of 
the villages were larger than the largest village in Cattaraugus County, 
but none exceeded 6,000 in population; the rural schools appear to be 
comparable in all particulars. Dr. Rathbun’s survey was among ap- 
parently healthy school children, no selection, other than parental con- 
sent for the test, being made. The technique used in the two counties 
has varied slightly in that Dr. Rathbun has not used doses of more than 
0.i1mgm. Had the technique been exactly alike it is altogether probable 
that the incidence of infection in Chautauqua County would appear to 
be relatively greater than the above figures indicate. 

The facts brought out in the preceding paragraph, together with the 
figures in table 3, suggest that tuberculous infection among life-time 
resident school children in the rural parts of Cattaraugus County is 
astonishingly low. In this connection it should be stated that a well 
organized Bureau of Tuberculosis has been operating in this county since 
1923, and that this Bureau has been stressing the importance of early 
diagnosis and the segregation of open cases. It should be stated also 
that for a similar period tuberculin testing of cattle has been in vogue 
within the county, with the result that in 1928 less than 0.5 per cent of 
the cattle were reactors. Even allowing for a number of untested one- 
and two-cow dairies it seems unlikely that tuberculous infection from 
bovine sources has been frequent during the past few years. Unpub- 
lished results of tuberculin testing among preschool children would tend 
to confirm this impression. | 


SUMMARY 


Among 1,103 apparently healthy school children between the ages of 
5 and 19 years from the farms and villages of Cattaraugus County, 
112, or 10.2 per cent, reacted to a quantitative intracutaneous tuberculin 
test. The infection rate in 13 villages was 12.6 per cent as contrasted 
with 6.6 per cent on the farms. The rate among those who have lived 
since birth within the county was 7.6 per cent, while among those who 
have resided part of their lives outside the county the rate was 21.1 
per cent. 


| 
| 
| 
| 
| 


KOUMISS IN THE DIETETIC TREATMENT OF PUL- 
MONARY TUBERCULOSIS 


CHARLES L. RUBENSTEIN?! 


Great importance must be attributed to the problem of the patient’s 
diet in the treatment of pulmonary tuberculosis. The experience of the 
World War left no doubt as to the enormous part which diet plays in the 
prophylaxis, the character and the qualitative changes of the disease. A 
sudden rise in the mortality of pulmonary tuberculosis was marked in 
the countries affected by the hunger blockade of the World War (Hayek- 
Deyke). The effect of diet on the susceptibility of the individual toward 
tuberculosis has been established by experiment and by clinical 
observation. 

What constitutes the best diet for the tuberculous patient? Though 
much has been written on the subject the problem is still unsolved. 
Overfeeding has long since been shown to have no scientific basis. At the 
same time strong and sound objections have arisen toward this or that 
feature of all the numerous dietetic suggestions that have appeared from 
time to time in the medical literature. It can be definitely stated that 
there is no specific diet suitable for all cases of pulmonary tuberculosis. 

The vitamines have acquired a most important position in the combat- 
ing of infectious diseases, and their beneficial influence has been proved. 
The latest experiments with the use of raw foods were founded largely on 
the latters’ known vitamine-preservation value. The so called Gerson- 
Sauerbruch dietetic method has given rise to a great deal of discussion. 
As to it the opinion of authorities is very much divided. The sensational 
claims which appeared in connection with this diet compelled even 
Sauerbruch to state publicly that the diet is still in its experimental stage. 
The direct benefit of the Gerson-Sauerbruch diet, however, is the impulse 
it has given to the study of the dietetic problems of the tuberculosis 
patient, not only by professional men, but by the public at large. 

This much can confidently be said: The tuberculosis patient requires 
nourishing, easily digested and tasty food in reasonable variety and 
sufficient amounts, well prepared and well served. With these aims in 


1 Duarte, California. 
537 


q 

q 

lin 

Dr. 
es 
ts 
ee 

of 
ys 
be 
n- 
eS 
le 
is | 
ll 
e 
e 
f 


538 CHARLES L. RUBENSTEIN 


view I undertake to introduce to the medical profession at large the use of 
koumiss in the diet of tuberculosis patients. A brief history of its use 
and an analysis of its biochemical characteristics follow. 

In koumiss we have a happy combination of all the fundamental food 
elements. It contains proteins, carbohydrates, fats and mineral salts 
in a most easily digestible form. It does not interfere with the taking 
of solid food. On the contrary, the digestibility of solid food seems to be 
improved by it. 

The use of koumiss originated in Russia centuries ago and is still 
strongly advocated there by physicians and public opinion as an almost 
specific treatment for pulmonary tuberculosis. Its preparation and 
preservation were carefully clothed in mystery and handed down from 
generation to generation in the family. Legends were created around it. 
It is held in reverence by peoples of Asia and eastern Europe, being re- 
garded by them as a gift from Mahomet. The fact that koumiss was a 
product of fermentation, a phenomenon little understood by the primitive 
man of that period, intensified the mystery that surrounded it and 
increased the reverence in which it was held. At that time koumiss 
served as a food for children, a delicacy for invalids, and a dish for 
favored visitors. By mixing it with various kinds of flour, barley and 
honey, they made of it an intoxicating and delightful beverage. It has 
been used by hunters and travellers as a food and stimulating agent. It 
was served by Tartar kings as a delicacy to visiting Russian princes. 

A pioneer of the koumiss treatment, Professor Rubel, states that the 
koumiss treatment in tuberculosis originated and was worked out as a 
system in the east at a time when western European Medicine regarded 
tuberculosis as an incurable disease. A French monk, William Rou- 
briques, who travelled in Tartary in 1253, was the first to describe koumiss, 
the mode of its preparation and its beneficial action. In 1784 a Scotch 
physician, John Greve, who was serving in the Russian Army, first 
called the attention of the medical world to the value of koumiss in a 
report to the Edinburgh Medical Society. Dr. Herverwein, at the end 
of the 18th century, experimented with koumiss upon himself for several 
years. In 1869 Dr. Stahlberg reported on koumiss to the St. Petersburg 
Medical Society. In 1885 Professor Kosturin, an assistant of Professor 
Pashutin, being sick himself with pulmonary tuberculosis, went for a cure 
to the Volga steppes, where with the help of the koumiss treatment he 
completely recovered his health. Dr. Garrick, a British physician, was 
the first to open a koumiss sanatorium for English patients. It was 
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located in the province of Orenburg, Russia. In 1886, Dr. Stange, 
assistant to Professor Eichwalds, included in Simpson’s textbook on 

General Therapy an article which treated extensively the question of 

koumiss therapy. In 1915, the All-Russian Health Resorts Congress 

decided to create an institution devoted exclusively to research work on 

koumiss and the koumiss treatment. In 1919 the Russian Academy of 

Science established a special commission for the study of the same ques- 

tion. An increasing number of patients suffering from pulmonary tuber- 

culosis are now seeking koumiss resorts. 

Milk therapy in general is favorably recognized everywhere as being an 
extremely beneficial factor in the treatment of pulmonary tuberculosis. 
On a certain French island there was bred a race of cows whose milk had 
the peculiar taste of almonds. The reputation of that milk as having an 
enormous therapeutic value in the treatment of tuberculosis was imme- 
diately established. The island became a centre where patients, not 
only from France, but from other countries as well, came to seek a cure. 
The French government strictly forbade the exportation of these cows 
and the punishment for such action was death. 

Not only is this beverage, as stated before, an ideal combination of all 
the essential food groups, but it is in addition very refreshing because of 
the stimulating action of carbon dioxide, a product of fermentation. 
Koumiss is a powerful diuretic and has sedative properties. Under 
treatment the sputum becomes more fluid and is easily expectorated. 
The stomach tolerates koumiss well even when it rejects all other food. 

It is a fermentation product of mare’s milk, which by itself does not 
present a tasteful beverage and is not easily digested, but by fermentation 
is transformed into a nourshing and, as stated above, an easily digestible 
beverage. 

The main difference between mare’s and cow’s milk is that the former 
is richer in carbohydrates, approaching quantitatively human milk. 
The following table gives the average percentage of mare’s milk, cow’s ‘ 
milk and human milk: 


W ater Proteins Fat Sugar Salts 


The large quantity of lactose, under the combined action of the koumiss 
bacillus and yeast, produces a quick fermentation of the milk, and forms 
alcohol, carbon-dioxide, lactic acid and by-products in small amounts. 
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The amount of mineral salts in the ash of mare’s and cow’s milk, 
according to Mohr and Beutenmuller, is as follows: 


NaO Ch 
8.18 13.95 
3.38 7.50 


The ash of cow’s milk contains 0.72 per cent, and of mare’s milk 0.36 
per cent of mineral salts. 

The writer, while working as resident physician in a Crimean sana- 
torium and also during the last few years as consulting physician at the 
Shafranovo Koumiss Resort in Bashkiria, had the opportunity to com- 
pare the results obtained with two groups of pulmonary-tuberculosis 
patients, one receiving koumiss treatment and the other not receiving 
it. He was also able to notice the immediate effects of koumiss upon the 
patients. Without dwelling at too great length upon these observations, 
let me state that the results of the koumiss treatment far excelled those 
noted in the cases in which no koumiss was used. The most obvious 
results noticed were an increase in muscular strength, haemoglobin and 
respiratory capacity of the lungs. The increase in weight due to the 
treatment with koumiss was of a more permanent nature than that 
obtained by the usual sanatorium diet. It was also noticed that the dry 
climate of the steppes, a climate similar to that found in Arizona, New 
Mexico, Texas and Southern California, favored an increased consump- 
tion of the beverage. 

The koumiss treatment as adminstered in the sanatoria is a combina- 
tion of many other medical factors. It is usually followed by an increase 
of weight even when the patient is permitted a very liberal amount of 
exercise. Asa rule, the patient is requested to take long walks and to be 
always in the fresh air and sunshine. 

We differentiate three grades of koumiss,—weak, medium and strong, 
these depending upon the season and length of time allowed for fermenta- 
tion. The difference is caused by the varying grade of the hydrogen- 
ion concentration. The stronger grades of koumiss are the more sour 
and contain the more alcohol. Weak koumiss acts as a laxative, the 
medium produces a normal bowel evacuation, and the strong is constipat- 
ing. The patient’s tolerance must be developed very gradually. We 
begin by giving the patient one glassful a day and slowly increase the 
amount to that required by the individual case. Fifteen glasses a day 
are the maximum. It is advisable, after drinking, to rinse the mouth 
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with some alkaline solution in order to neutralize the lactic acid of the 
koumiss. 

Not only does koumiss act beneficially upon the digestive tract, but 
it also stimulates metabolic activity. The importance of this factor is 
well known. The metabolism of the individual is after all the basis for 
any dietetic calculation. It should be stated at the same time that 
koumiss is in no way an indifferent beverage. Professor Rubel first 
called attention to the fact that koumiss is apt to produce a fever reac- 
tion, and, when used in immoderate amounts, may cause an aggravation 
of the lung condition and haemoptysis. It has been noticed time and 
again that, when patients, anxious to hasten their recovery, disobeyed the 
orders of the physician and secretly used koumiss in quantities larger 
than prescribed, a characteristic symptom-complex resulted, produced 
by the so called koumiss reaction. The latter showed itself in a rise of 
temperature, increase in cough, and aggravation of the pulmonary con- 
dition which sometimes spread over new areas. Such cases, when the 
koumiss was discontinued and the patient ordered to bed, recovered 
quickly and usually without any marked after-affects. The use of kou- 
miss is renewed in small amounts after all symptoms have disappeared. 
It appears then that the koumiss treatment belongs to the class of so 
called “irritation therapy.” Professor Zebrowsky regards the koumiss 
reaction to be a local one, resembling the reaction which Koch believed 
followed the use of tuberculin. 

Good results were also obtained by the use of koumiss in laryngeal 
tuberculosis, but only when the case was not far progressed. The 
improvement in cases with laryngeal tuberculosis was usually a result 
of the general improvement of the patient and of the increased tonus of 
the organism as a whole. Professor Rubel states that such favorable 
results have not been approached by any other known dietetic method of 
treatment and in this regard we may consider koumiss as unique. 

There is no doubt that to some extent the older generation of physi- 
cians exaggerated the value of the koumiss treatment. Nevertheless, 
their purely empirical efforts are being supported by the experience 
of the present generation and by further developments of the koumiss 
treatment. 

Since 1926 the number of beds available for the koumiss treatment in 
the Russian government sanatoria has significantly increased. In 1926 
the percentage of beds allocated to the koumiss treatment constituted 
6 per cent of the total number in use. The total number of beds was 
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20,500. The year 1928 showed quite a different statistical figure. In 
that year the number of beds available for the koumiss treatment 
increased to 10 per cent, while the total number of beds increased by 
only 12 percent. It should be added that the above figures do not cover 
institutions maintained and supervised by local organizations. These 
figures also fail to include the many thousands of patients who are 
privately and upon their own initiative taking the koumiss treatment 
outside of sanatoria. 

By analyzing the blood constituents of our patients we are being 
additionally informed about the reaction of the body toward this treat- 
ment. The investigations of Professor Gorjajew and his pupils are of 
great interest. His works describe the results of his studies on the forma- 
tion of red corpuscles in tuberculosis in general and its changes under the 
influence of koumiss. Considering the empiricism and obscurity that 
surrounded the question of indications and contraindications for the 
treatment with koumiss of patients with pulmonary tuberculosis, 
Gorjajew tried to establish a criterion for the application of this treat- 
ment, that is, a haemogram. We cannot dwell in detail upon his work 
and its interesting results, but we would call attention to the fact that 
under the koumiss treatment a general improvement of the blood picture 
was seen, haemoglobin index increased, and the number of erythrocytes 
approached the normal. 

There was seen also a decrease in the neutro-lymphocyte index and an 
increase in the amount of eosinophiles. These changes occurred simul- 
taneously with the general improvement of the patient, that is, with 
increase in weight and improvement of the chest condition. 

In observing the effects of the treatment on the patients of sanatoria I 
and V of the Shafranova Resort we used, in addition to our physical, 
X-ray and laboratory observations, two serological tests: the erythrocyte- 
sedimentation reaction and the du Costa reaction. 

These two micro-reactions, although not of a specific and positive 
nature, appeared to be reliable accessories in rounding out the general 
clinical picture of the case. 

The two reactions were found to display an almost unfailing paral- 
lelism. They (the reactions) attract by their accessibility and non- 
complexity, but, what is more important, they react promptly to the 
slightest change in the condition of the patient and mirror the dynamics 
of the process. Toa certain extent they also serve as supporting factors 
in correcting the amount of koumiss to be given. 
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Over 60 per cent of the 175 cases under observation showed a retard- 
ation in the reaction. In 36 per cent of the cases there was no change and 
in 4 per cent only was there a noticeable acceleration of the reaction. 
Among this latter number were included 3 cases which upon entering 
the sanatorium showed a low sedimentation and a negative du Costa 
reaction. After the first few doses of koumiss these patients began to 
complain of dizziness and general malaise. In one case insomnia and 
tachycardia not caused by an organic heart condition were the pre- 
dominant complaints. A second taking of the two reactions revealed 
an acceleration in both, with the du Costa slightly positive. Further 
observation showed that in two cases we were dealing with an idiosyn- 
crasy for koumiss and that in the third we had to deal with a case of 
negative heliotropism. In the first two cases koumiss was discontinued. 
The third was advised to avoid exposure to the sun. After a four-week 
stay at the sanatorium the patients were discharged and, although they 
exhibited general improvement, their sedimentation and du Costa 
reactions did not come up to their former values, but showed, instead, a 
slight acceleration, from which we conclude that these reactions can be 
used to good effect as controls for the treatment and that a rational 
employment of them entails their frequently repeated performance and a 
consideration of all clinical and laboratory findings. 

The large proportion of cases in which there was no change is explained 
by the fact that almost 50 per cent of our material consisted of totally 
compensating forms of tuberculosis (A; — A,,,) and thus the reaction 
remained at a low level throughout the patient’s stay at the sanatorium. 
Only a small proportion appeared to be subcompensated forms on the 
border between activity and inactivity (B; — By;). 

The contraindications for the koumiss treatment are subcompensated 
forms of tuberculosis with a very acute progressive course of the disease, 
cases with a tendency to haemoptysis, organic heart complications with 
only a moderate amount of compensation, disease of the kidneys, rheu- 
matic and gouty cases, arteriosclerosis, general plethora, high blood pres- 
sure, gastrointestinal disorders, accompanied by increased production of 
HCl, ulcer of the stomach and duodenum and constitutional nervous 
disorders. The habitual nervous symptoms of the tuberculosis patient, 
the neurasthenic symptom-complex, should not be regarded as contra- 
indications for koumiss treatment. 


In 
nt 
Dy 
er | 
se 
t 
t- | 
e | 
t | 
e 
t 
| 
S 
& 


CHARLES L. RUBENSTEIN 


CONCLUSIONS 


1. In Western Europe and parts of Asia, koumiss has long been used 
with marked success in the dietetic treatment of pulmonary tuberculosis. 

2. It is recommended for its ideal balancing of ablumin, fats, carbo- 
hydrates and mineral salts. 

3. The above-stated dietetic value of koumiss and its quick assimila- 
tion by the body make it preferable to other dietetic methods of treat- 
ment of pulmonary tuberculosis. 

4, The nature of the koumiss treatment closely resembles “irritation 
therapy.” In large doses it is apt to produce an unfavorable reaction 
of aspecificnature. In therapeutic doses it increases the immunobiologi- 
cal properties of the organism. 

5. It has diuretic and sedative properties. 

6. Under its influence the sputum becomes more fluid and expectora- 
tion is facilitated. 

7. The general blood picture is improved by the koumiss treatment. 

8. The du Costa and sedimentation reactions are valuable auxiliary 
methods for control of the koumiss treatment. 

9. A careful selection of cases, exact dosages of koumiss and con- 


tinuous observation of the patient are necessary when the treatment is 
given. 

10. Dry regions, such as Arizona, New Mexico, Texas and Southern 
California, offer favorable locations for the establishment of koumiss 
sanatoria. 


In conclusion I wish to extend my thanks to Dr. Krasovitskaya, member of the staff of 
Sanatorium number V in the district of Bashkiria for help rendered in analyzing the histories 
of the sanatorium patients. 
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Brouardel some years ago wisely said that of all pulmonary diseases, 
it was pleurisy that was most responsible for sudden, unexpected deaths. 
Up to 1850, as well as I gather from Chabaud’s review of the nervous 
accidents occurring in pleuropulmonary interventions (1), eight such ac- 
cidents were reported. This number was greatly augmented in the last 
half of the nineteenth century. In 1864, Roger described what has been 
known as pleural shock, pleural reflex syncope, etc., as an “eclamptic 
fit,” characterized by cardiorespiratory embarrassment, tonic and clonic 
contractions of the muscles, loss of consciousness, and, in some intances, 
sudden death. It was soon observed that the syndrome under considera- 
tion occurred under such conditions as (1) pulmonary operations, (2) 
exploratory or aspiratory punctures, (3) pleural lavage and (4) during 
or after punctures for pneumothorax. Chabaud also cites seven in- 
stances occurring spontaneously in the course of pleuropulmonary dis- 
ease, provoked by no intervention. Since the general use of pneumo- 
thorax therapy, pleural shock has been met with by an increasing number 
of observers, though the literature on the subject is not great, nor have 
the proposed explanations of the phenomena observed met with any 
unanimity of acceptance. 

The general consensus of opinions as to the nature of the pnenomena 
ultimately resolves into two explanations of the probable cause,—air 
embolism or true pleural reflex syncope. As yet, the properly accredited, 
clarifying and synthesizing genius, capable of reducing the situation to 
a single, satisfactory formula, has not come to light. The comparatively 
rare occurrence of the condition does not afford a great deal of oppor- 
tunity for clinical observation on the part of a single observer, and re- 
search into the matter is singularly inadequate and unconvincing. 
Again, when confronted with its major manifestations, the indications 
for immediate therapeutic help for the patient (by reason of its dramati- 
cally sudden and terrifying sequence) generally take precedence over calm 


1 Presented at the 48th annual meeting of the American and Clinical 
Association, Hot Springs, Virginia, May 8, 1931. 
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and deliberate observation and study. With as limited an experience as 
two minor and one major episodes, it would be rash to attempt definitions, 
though I am of the present opinion that eventually the two conditions 
of gas or air embolism and true pleural shock will be properly differenti- 
ated, though certain common features and possible causal connections 
are admitted. In the literature, small as it is, the two are generally 
discussed as being the same,—additional testimony to the laxity of 
nomenclature (and thinking?) of the profession. 


INCIDENCE 


In 1892 the number of cases reported to date was 42 (Jeanselme), in 
1898 Cestan added 86, while in 1910 Cordier reported 84, thirty-nine of 
which occurred during pleural lavage. Since that date pneumothorax 
treatment has become general, and the increase in the number of accidents 
has multiplied considerably; so that I think it a safe and fair assumption 
that anyone doing a sufficient amount of chest work, involving thora- 
centeses or pneumothorax therapy, will sooner or latter encounter, in 
mild or distressing form, that really terrifying experience known as 
pleural shock. I raise the question in view of a tendency I find among 
younger men especially, it would appear (without statistical verification) 
to have slight regard for, and little fear of, entrance into portions of the 
human anatomy that should be sacrosanct from meddlesome, mechanical 
exploration, though I well realize that such a warning to this body is 
both unnecessary and uncalled for. Sachs reports 22 cases in 1,122 pa- 
tients taking gas, while Forlanini, who may well be called the father of 
pneumothorax treatment, reports 12 cases in 134 patients. Stivelman 
reports 10 cases in 162 initial inductions (of which three were mild, six 
severe, and one fatal), while he had only two instances in 1,824 refills. 
Saugman is credited with the observation 16 times in 5,400 pleural en- 
tries, while Prendergast (2) reports two fatal cases during pleural aspira- 
tion following pneumonia, the needling being done to confirm the diagnosis 
ofempyema. In each instance, collapse occurred after two or three punc- 
tures. Matz (3), reporting on 588 cases of pneumothorax therapy, 
states that of this number 311 had complications, 18 pleural shock,— 
an incidence of 3.06 per cent. Bruns (4) reports 16 cases of pleural 
shock in 12,700 punctures. All 16 cases were considered to be caused 
by air embolism. There were 7 deaths in the 16 cases. Like many 
other observers, Stivelman believes that the original puncture offers the 
greatest risk of occurrence of the phenomenon,—a natural inference 
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from the conclusion ‘‘that in over 75 per cent of all cases of pleuropul- 
monary reflex, there was definite evidence of injury to the visceral pleura 
and underlying lung tissue,” which ‘‘underlying pleuropulmonary tissue 
was the seat of a pathological process of an acute nature,” and that in 
his experience the phenomenon never followed thoracentesis when the 
two pleural surfaces were widely separated by induced pneumothorax, 
so that the visceral pleura and lung tissue could not possibly be injured 
by the needle. Chabaud, in his review of 114 cases of its occurrence, 
states that hardly a third of the accidents occur at the first intervention 
in the case of pleural lavage, two-thirds in the case of exploratory or aspir- 
atory puncture, and a very small proportion at the time of the first 
puncture to induce pneumothorax. The symptoms most often appear 
at the moment of penetration of the pleura, occasionally after a varying 
or prolonged interval. 

Of the four cases I am reporting, one mild, and perhaps dubious, case 
occurred in the course of pneumothorax treatment of eighteen months’ 
standing, at the moment the anaesthetizing hypodermic needle entered 
the parietal pleura. The needle never came within inches of the visceral 
pleura, and the phenomenon has not to date been repeated. A second 
instance (in a bilateral, induced pneumothorax case) occurred as a refill, 
and doubtless was the result of pleuropulmonary entry inadvertently. 
A third case I am reporting from the notes written me and from the verbal 
account of the patient. It occurred eighteen months after the installation 
of induced pneumothorax (I had wished on me the job of the next refill, 
and I got bywithit). The fourth and last case occurred in a young woman 
in whom I had introduced 200 cc. of air into the left pleural space three 
days previously, had failed of reéntry the day preceding the catastrophe, 
and in whom the phenomenon, no doubt, was initially due to the pleuro- 
pulmonary insult of the needle’s entry, though certainly in none of these 
three cases of my own was air embolism a causative factor. 

Olmer and Furries (5) report a case of pleural shock the moment the 
needle entered the pleura, in a zone of recent adhesion, before the intro- 
duction of any gas. They explain the phenomenon as a reaction of 
the central nervous system to excitation of an inflamed pleura. 

Laurenti (6) divided the types of reaction following pleural puncture 
into three: syncopal, convulsive, and hemiplegic. (The latter I suspect 
as being more or less differing degrees of the same reaction.) He feels 
that the various modifications of these reactions may be grouped as being 
of either autonomic or sympathetic nervous origin. In pneumothorax 
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work, those of autonomic origin were most often seen. However, the 
type of reaction observed depends upon which system is in a state of 
hyperexcitability. Of course, certain instances of gas embolism are 
observed, and localization of the gas bubble determines and individualizes 
the syndrome. Many transient and light phenomena may be due to 
cerebral ischaemia from vasospasm. The fatal cases, Laurenti feels, 
are always of embolic origin. Two pathogenic elements exist, the pleural 
reflex and gasembolism. He claims the phenomena are more frequently 
seen in females, the emotional makeup being important. With scrupu- 
lous care, gas embolism may be eliminated. The pleural reflex cannot 
be. 

Dumarest and Brette (7), in citing 3 cases, admit the dual possibility 
of gas embolism and pleural reflex. In 1929 Bezangon, Azouley and 
Chabaud classified the phenomenon of pleural eclampsia or epilepsy into 
three groups: 


Fatal syncope. 

Paralysis, hemiplegias or monoplegias, generally transitory. 

Epileptiform crises, rarely pure, more often associated with manifestations 
of paralysis, often accompanied by temporary blindness, and terminating by 


cure or by coma, followed or not by death. 


So much for the confusing, available literature and the absence of de- 
finitive proof. I shall now illustrate with the recital of the few cases 
I have seen. 


Cases 


M.D., young man of 27 (who had been taking pneumothorax treatment, 
left lung, eighteen months without incident, and whose compression was as 
satisfactory as seen in the slide), during the course of a treatment by my as- 
sociate, Dr. Crow, complained of queer feelings, a sense of constriction and 
suffocation in the throat, an acute pain radiating to the left kidney and down 
the left arm, and he began to faint. The puncture area, the same as used 
frequently before, gave no visible or other evidence of an adhesion; and cer- 
tainly the needle was never within four inches of the lung. In spite of rapid 
recovery from the syncope (with ammonia), the effort that day was given up. 
Four days later, I went in at relatively the same place, without difficulty; 
and nothing unusual occurred then, nor has it done so later. I hesitate some- 
what in the recital of this case as a mild case of pleural shock; and yet, at the 
time of the occurrence, it impressed both Dr. Crow and myself that it was a 
mild manifestation of the dramatically terrible experience we had had just a 
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year before in a case (C.T.) to be related later. Certainly there is no question 
of air embolism here. The lung,—consolidated, compressed, or otherwise,— 
was not touched by the needle, and it was possibly the twenty-fifth or thirtieth 
injection made in this patient. 


M. H., young woman of 28, who was given pneumothorax treatment of the 
left lung forabout thirty months, in a desperate hope of prolonging life. Marked 
symptomatic improvement, but last fall it became evident that the process 
in the right lung, which had gone on to cavitation, required help, if the patient 
was to improve further. Bilateral pneumothorax was determined on; and 
right-sided compression instituted, with the fortunate result that, being selec- 
tive in kind, it compressed just the upper lobe, where the cavity was situated, 
as seen in the slide. (Please note the adhesions.) Some three months ago, 
and after the above film was made, in attempting a refill, in what was sup- 
posed to be the optimal region as the hypodermic needle was injected deep 
into the tissues for anaesthetization, the patient began to complain of intense 
pain over the right upper chest; the heart action became rapid and feeble; 
dyspnoea was marked, as was pallor, and then cyanosis; and the patient said 
she felt faint. Later, she spat some blood-stained mucus. Tachycardia, 


dyspnoea, and pain persisted for twenty-four hours, the dyspnoea being the” 


most marked symptom. Undoubtedly, the lung or an adhesion containing 
lung tissue was penetrated here; but no air was injected; and no embolic or 
cerebral phenomena arose. Subsequent fluoroscopy showed no supervening 
spontaneous pneumothorax. Subsequent injections have been uneventful. 
The patient is making a splendid comeback. 


Miss C. T., 21, was referred to me December 9, 1927, with a six months’ his- 
tory of cough and losing strength and weight. On examination, the entire 
left lung and upper lobe of the right were the seat of disseminated tuberculous 
involvement. On bed-rest she gained steadily for nine months, when evi- 
dence of beginning cavitation in the left lung was observed. On Feburary ist, 
under novocaine anaesthesia, 200 cc. of air were introduced into the left pleural 
space, without any difficulty, though the manometric readings caused the sus- 
picion that no really free pleural space was present, the final reading having 
been zero, plus two. Two days later, I attempted reéntry, but, failing to 
get any manometric readings, desisted until the following morning. Then, 
while attempting to anaesthetize the tissues down to the pleura, when the hypo- 
dermic needle was down perhaps an inch and a quarter or an inch and a half, 
the patient complained of feeling queer; and, wondering if I were in the pleura 
or lung, I connected the hypodermic needle with the manometer immediately, 
but found no oscillation whatever, precluding the probability of being in the 
lung or free pleural space. The air-cock was not open for even a second, and 
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hence no opportunity for embolism was afforded. The sequence of events, 
however, has been the most distressing and alarming it has been my misfortune 
to encounter in seventeen years of pneumothorax work. The patient went into 
immediate syncope, and was blue-grey in color; there was no palpable pulse 
anywhere; the pupils were widely dilated, and the heart action too feeble to be 
heard with the stethescope. I injected deep into the precordial region at once 
1 cc. of adrenalin-chloride solution, the patient by this time presenting the 
picture of pulmonary oedema, with bloody, frothy sputum, and being in what 
I feared was immediate danger of death. The next half-hour saw a return to 
consciousness, with the prompt relief of the pulmonary oedema. The following 
day the patient’s temperature began to rise, and reached 103°F.; the pulse was 
98 to 102 and respirations 24 to 28. The temperature began at once to sub- 
side, slowly reaching 99°F. on the fifth day, when the patient began to men- 
struate. There was bloody sputum during these five days, but no evidence of 
pneumonic consolidation was found on physical examination. The patient’s 
temperature reached a stabilized normal ten days later, and was approximately 
such most of the time afterward, though the pulse was quite unstable and easily 
excitable. There was immediately following this unhappy catastrophe a wide 
increase in the evidence of tuberculous activity in the right lung, and reac- 
tivation of much that was quiescent in the left. Death occurred twenty-one 
months later from progressive tuberculosis. 


This case is reported as the most distressing and altogether most alarming 
instance of pleural shock encountered in between 4,000 and 5,000 en- 
trances into the pleural cavity. The chance of air embolism being a 
factor is as remote as possible, no air ever having been turned on; only 
a two-inch hypodermic needle was used, and the usual precaution of 
excluding the air therefrom was exercised. No cerebral manifestations 
gave evidence of it. That the lung may have been punctured by the 
injecting needle is granted. (The bloody sputum might be considered 
in evidence thereof though the persistence of bloody sputum for five days 
is not thought likely as a result of a minor hypodermic needle puncture, 
but the failure of manometric oscillation negatives this.) 


Miss A. D., aet. 35, Boston. Irregular history of pulmonary disturbance, 
thought at times to be pulmonary abcess, and diagnosed finally eighteen months 
ago as pulmonary tuberculosis, on the discovery of acid-fast rods. Sent to 
Saranac Lake for compression therapy and artificial pneumothorax instituted 
by Dr. Woods Price. Only partial compression of the upper and middle 
lobes was achieved, even after the severance of adhesions. She returned to 
her home in Boston, and moderate refills continued without untoward effects. 
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On January 2, 1930, in the office of her Boston physician, she was given 300 cc. 
of air,—about double the usual amount administered,—because of a proposed 
trip to Florida by motor. Five minutes later, the patient says she noticed, 
as she began to rise from the table, that she had difficulty in breathing, some 
precordial disturbance (not marked), and a sense of tightness in the throat, 
as though she were strangling. She then became unconscious, in which con- 
dition she remained for two hours, she was told, during which two hours she 
says she was given four separate injections, the nature of which she does not 
recall. A pulmotor was present in her room (she had been removed to a hos- 
pital) on awakening; but whether used or not she cannot say. She felt “‘all in” 
at first, but had no signs of paralysis or eye disturbance, though her physician 
reports marked tremor of the facial muscles, general slight convulsions, and 
repeated about four times. She rapidly regained her strength, leaving the 
hospital the next day. While she was unconscious the doctor had taken out 
approximately half of the 300cc. of air given, on the presumption that the cardio- 
respiratory embarrassment warranted as much relief from excessive intapleural 
pressure as possible. 

The patient was referred to me for refill en route to Miami. After careful 
observation under the fluoroscope and study of the X-ray films, refills have 
been done on two successive occasions without the slightest evidence of the 
recurrence of the accident. On questioning the patient more minutely, she 
gave a history of having had a similar attack following appendicectomy fifteen 
years previously. There is no further history suggestive of epileptiform sei- 
zures, though the possibility of this being a case of epilepsy is granted, but 
thought to be remote, as the only history obtained from an intelligent patient 
was that of syncopal attacks; and the convulsive element was not proved to be 
present in the one following the appendix operation. 


EXPLANATIONS OF THE PHENOMENA 


Only two theories seem to me tenable as a working explanation of what 
happens,—that it is prima facie a true pleural reflex or the result of air 
embolism. Cordier (who was the early champion of the reflex theory) 
injected tincture of iodine intrapleurally in a series of rabbits, producing 
epileptiform convulsions and death. Local anaesthesia diminished the 
frequency of this response, and section of the vagus prevented it. There 
is no indication in Cordier’s article that he used manometric control of 
his intrapleural injections (necessary for the determination of the place 
where the iodine actually was injected) ;,and it must be borne in mind 
that tincture of iodine is a severely drastic solution to put into a rabbit’s 
pleura. 

Doubting the accuracy of Cordier’s conclusion as a result of his experi- 
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ments that the phenomenon of pleural shock was the result of a pleural 
reflex, Croizier repeated the iodine injections, but failed to produce either 
epileptiform convulsions or death in the animals. Only when a satis- 
factory oscillation with negative readings proved the needle to be in a free 
pleural space was 2 cc. of tincture of iodine allowed to run in slowly with- 
out piston pressure. No convulsive crisis or sudden death occurred, 
though the animal was severely shocked and breathed with difficulty. A 
pathological and bloody effusion soon appeared; and, if the animal was 
not killed, it died eventually, with more and more marked dyspnoea and 
considerable effusion. The lung was always congested and stained, and 
showed superficial necrosis. The phenomena were those of an intense 
serous inflammation, often extending into the lung, but there were no 
pleural reflexes such as described. On the other hand, an intrapulmonary 
injection determines exactly the convulsions and crises observed by 
Cordier, with death occurring within a few minutes. It is very easy to 
puncture the lung, without leaving evidence of it to ordinary examination. 
Examination under water, to be sure, with insufflation, will reveal a sort 
of indurated area; and, on pressure, a little oedematous fluid will be forced 
out. 

Cordier seems to have ignored the possibility of intravascular pene- 
tration of the injected fluid. That the nerve centres are very sensitive 
to minute amounts of tincture of iodine is readily demonstrable. When 
the iodine is injected directly into the carotid, its presence in the cortical 
vessels is readily demonstrable; but, when injected into the lung, the 
resulting cerebral embolism is too minute, and chemical methods must be 
used. These, carefully carried out, have never failed to be positive, when 
convulsive crises and sudden death followed the injection. A further 
corroboration of the vascular hypothesis is furnished by Cordier him- 
self, who found that the ligation of the carotids arrests the manifestations 
observed. Negative results, following some of his intrapleural injections 
are merely fortuitous, due either to actual intrapleural injection or to 
puncture of the lung without resultant embolus. 

Croizier has also felt it worth while to repeat Cordier’s experiments on 
sectioning the pneumogastric nerve. It was easy to show that this pro- 
cedure has no effect whatever on the results of the intrapulmonary in- 
jection. From the above one thing seems sure: that there never were 
pleural reflexes; and the whole theory, already clinically refuted, falls 
to the ground from an experimental standpoint, and must be abandoned. 

Mechanism of Gas Embolism: In the first place, there is no analogy 
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with ordinary emboli, due to the entrance of air or other matter into the 
main venous circulation, since these emboli are pulmonary, via the right 
heart. On the other hand, air entering the pulmonary veins passes to 
the left heart; thence to the aorta, and risks entering the carotid. In 
such a delicate organ as the brain, the slightest trouble with its circu- 
lation provokes immediate and grave accidents. The difference in 
clinical features between obliteration by a clot and obstruction by a gas 
embolus can readily be realized. The former cannot penetrate the finer 
cerebral ramifications as can the air bubbles. It has also been noted 
that emboli accompanied by visual disturbances are less often fatal. 
These latter are due to the entrance of air into the ophthalmic artery and 
retinal vessels which derive from the external carotid. A final objection 
is that, following these accidents, emboli cannot be demonstrated ana- 
tomically by most careful methods. The truth is that they are invisible, 
even when produced experimentally, unless the air is put directly into the 
carotid. It is fortunate that only a small portion of lung punctures result 
in emboli, since incorrectly performed insufflations are not uncommon in 
the practice of pneumothorax. Even the entrance of 1 to 2 cc. in the 
carotid of a rabbit results in rapid death, after a convulsive attack. 
Even so, it is practically impossible to localize the embolus in the brain. 
However, when this syndrome occurs, there can be no doubt that there 
was an embolus. The fact of its material possibility admitted its exist- 
ence should also be admitted. 

In many of the recorded necropsies, wounds of the lungs were found, 
but it has been demonstrated that they may have occurred and yet not 
been found. A little manipulation of the lung readily effaces them. The 
fact that a negative manometer reading was obtained is not conclusive 
evidence of penetration of the pleura, unless there was oscillation clearly 
defined. It is possible for a manometric depression to occur just at the 
moment of reaching the pleura, and to persist when the needle is thrust 
more deeply or the lung expands against it. Unless the stopcock was 
tightly closed, it isimpossible to state that noairentered thelung. Freund 
has estimated that the air contained in the tubing of the apparatus may 
suffice to cause embolus; but this seems doubtful, unless the manometer 
shows aspiration. Another possibility is entrance of air from a preéxist- 
ing pneumothorax cavity along the needle track, or from neighboring 
air-passages. This possibility is based on the negative pressure existing 
in the pulmonary veins. Another point is that all these accidents pre- 
sent the same general features, so that it is unlikely, a priori, that in some 
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an embolus, in others a reflex, would be the cause. A serious objection 
to Croizier’s argument, in favor of the single factor, gas embolism, is the 
observation that convulsive accidents appear or disappear in much too 
short a time to admit the possibility of the embolism having time to reach 
the brain, and its rapid disappearance in a few seconds without a trace. 

Emboli from Other Intrathoracic Manipulations: Among the data 
gathered by Cordier, 39 cases (nearly half), were due to pleural lavage. 
It is not astonishing that the mechanical action of rather brutal irriga- 
tions should traumatize the walls of the pleural cavity and break adhesions. 
Certain of the solutions used, especially alcohol, iodine and phenol, would 
be especially likely to penetrate blood-vessels. Similar crises may result 
from changing a drain, there being a small erosion of the visceral serosa. 
Some of the accidents described also resulted from exploratory puncture, 
which, of course, wounded the lung; and it is easy to understand how an 
embolus could ensue, especially when the needle on withdrawal showed 
blood, as in a number of cases. An interesting observation of a related 
experience is given by a recent writer, during the course of oxygen in- 
jection of the knee,—additional evidence of the necessity for care in in- 
jectional therapy or diagnosis. 

Kleinberg (8) reports that in doing a pneumarthrosis, prior to X-raying 
a knee, for the purpose of locating a broken portion of the patella, through 
an error in technique, the oxygen was given directly into the blood-stream 
(none got into the joint at all); and there immediately ensued the picture 
of the patient’s complaining of a peculiar feeling about the heart, rapid 
development of extreme pallor, pulselessness, wide dilatation of the pupils, 
unconsciousness, no heart-beat felt or heard; and then respiration ceased. 
Stimulation and artificial respiration were unavailing until adrenalin 
(10 m) was injected into the heartmuscle. Withthe gradual return of the 
heart-beat, in about five or ten minutes, respiration returned; and the 
patient’s mouth was filled with an abundant, frothy, blood-stained saliva. 
With improvement in color, respiration and heart action, the patient 
became violently excited, shouting and tossing, though entirely uncon- 
scious. This calmed down in the course of a few days. At no time was 
there any evidence of muscular twitching, paresis, or paralysis; reflexes 
were normal the day after the injection; and the patient left the hospital 
in ten days. “We know also that during blood transfusions no harm 
results from the accidental entry of small quantities of air into the cir- 
culation.” This case Kleinberg explains on the mechanical basis of a 
sudden inflow of oxygen into the blood and occlusion of the lungs; and no 
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oxygen ever reached the central nervous system, because there was no 
muscle twitching, convulsions, motor paralysis, or other evidence of 
immediate invasion of the cerebral motor mechanism. 

Some years ago, Capps and Lewis (9) showed, while working on the 
question of pleural reflex, that an inflamed nerve may be sensitive to irri- 
tants to which a healthy nerve is not sensitive; and, consequently, the 
inflamed nerve may cause reflexes which the healthy nerve does not 
induce. Hence, such a reflex is pathological, and might logically be en- 
countered in the conditions under discussion. Of the actuality of air 
embolism, there is no doubt, nor of its fatal consequences at times. 

Wishing to avail myself of a modern physiologist’s knowledge of the 
subject, I wrote Jonathan Meakins of Montreal, who was good enough to 
reply as follows: 


You have asked me a very difficult question, and one that has given me con- 
siderable thought in days gone by. 

I have seen pleural shock, or what is otherwise called pleural reflex syncope, 
occur in a number of conditions: 

(1). Aspiration of the pleura, 

(2). The institution of pneumothorax, 

(3). The insertion of a tube in a chronic empyema wound, 

(4). On washing out the pleural cavity. 

Each of these conditions had one common feature, namely,—penetration or 
irritation of the pleura. None of them need necessarily have taken place on 
the first time the pleura was punctured or irritated in one individual. The 
character of the symptoms was not constant from case to case; but a certain 
combination was always present of the following: a small pulse, dyspnoea, 
pallor, followed by cyanosis, syncope, unconsciousness, and sometimes— 
although rarely—pulmonary oedema. 

I know of no analogous condition, except that it may be the following: 
It was a common experience, when I was working with arterial blood extracted 
from one of the peripheral arteries, that certain individuals were very prone, 
and other individuals at odd times, to develop, unexpectedly, the following 
group of symptoms: As soon as the artery was punctured,—usually the radial, 
sometimes the brachial, and practically never a femoral,—they would com- 
plain of peripheral pains of a cramp-like character, coincident with an absence 
of pulse, as if the whole arterial tree had gone intospasm. It was accompanied 
by pallor, cyanosis, dyspnoea, palpitation, with slow and powerful heart 
action, nausea, syncope, and sometimes unconsciousness. It was rather a 
terrific combination of events, and on a number of occasions, gave me great 
worry. Atno time was there oedema of the lungs; but it seemed as if the whole 
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of the systemic arterial tree were in a state of tremendous hypertonus, with 
practically a cessation of circulation. The smaller arteries seemed to be in- 
volved. What was the condition of the arterioles was difficult to say, because 
the dorsalis pedis and the radial and ulnar arteries had ceased to pulsate; but 
one had the impression that the heart was laboring under great obstruction. 
Things happened too quickly to make certain of this. 

It was long held that the pulmonary circulation was not under nervous con- 
trol. This, to my mind, is quite wrong; the pulmonary circulation does not 
necessarily react pari passu with the systemic circulation to any given stimulus, 
be it adrenalin, amylnitrite, or other drug. 

My working hypothesis for pleural shock is that there is a reflex action be- 
tween the pleura and the pulmonary circulation; that under given, uncommon 
conditions this reflex is brought into play; and, as a consequence, there is a 
profound disturbance of the pulmonary circulation. The difference between 
the proximal and the distal ends of the pulmonary capillary system is not known; 
but I think all the evidence would go to suggest that there is a spasm of the 
finer pulmonary circulation, leading to a very rapid rise in the pressure of the 
pulmonary circulation, and a great decrease in the volume of blood reaching 
the left heart; because, in these cases of pleural syncope, there is a rapid de- 
cline in the volume of the peripheral pulse and obvious cerebral anaemia, with 
syncope and unconsciousness. 

If this theory is correct, it would account for those instances of pulmonary 
oedema which sometimes are so obvious. I think there is pulmonary oedema 
in all cases; but, as some of them are of very much less severity than others, 
and are of almost fleeting duration, the oedema may not be very obvious. 

That this reflex may extend even to the systemic circulation is not without 
evidence. For instance, last spring, one of my colleagures, recovering from 
an empyema, had a typical pleural shock during the dressing of his wound; 
and, in this case, there was a distinct one-sided spasmatic contraction, as 
though indicating that one side of the brain was more affected than the other. 

I am afraid this is all I can tell you about the matter. Various theories, 
as you know, have been put forth, but none has been substantiated by experi- 
mental proof. It is a very difficult thing to do. 


SUMMARY 


No attempt at a detailed review of the literature on pleural shock has 
been attempted, but attention has been called to one of the graver inci- 
dents which may occur in such every-day procedures as thoracentesis, 
tube insertion in an empyema wound, pleural lavage, andinduced pneumo- 
thorax. While in the past seventeen years I have entered the pleural 
cavity between 4,000 and 5,000 times, chiefly in pneumothorax work, 
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largely by being guided always and carefully by the manometer, I have : | 
avoided the accident of air embolism; but I have encountered in three i : 
instances pleural shock,—two mild and reasonably transient, and one j 
severe and terrifying, as well as permanently damaging to the patient. 

The hypothesis of Meakins offers as ready an explanation of the se- vi 
quence of events as I know of, and I think may be conditioned by the j 
factors evaluated in the work of Capps and Lewis. i 

Whether an exact differentiation can always be made between pleural 
shock and gas embolism at the time of their occurrence, I doubt,—an 
admission confessed to also by so capable an observer as Ralph Matson. 

The implication of the necessity for care in intrapleural exploration is 
manifest; the danger of injury to an inflamed visceral pleura is pointed 
out to be avoided; and the assumption that so commonplace procedures 
as thoracentesis and pneumothorax are too simple and easy ever to 
cause alarm is denied; and I beg to remind you of Dayton’s classic re- | 
mark that “one death is more convincing than many negative experi- 
ences.” 


Note: Since this paper was written a short report by C. H. Andrews, entitled Cerebral 
Air Embolism Complicating Pneumothorax, has been published in the AMERICAN REVIEW OF 
TuBERcuLosis, April, 1931, vol. xxiii, no, 4. He states that in a total of 8,528 needle pun- 
tures of the chest (in 8,085 of which air was really introduced into the pleural cavity sup- 
posedly), there were 6 cases that developed rather alarming symptoms during the administra- 
tion of the treatment. He classified them: One due to novocaine reaction; two as attacks 
of syncope; one due to the extreme nervousness of the patient; and two (one of which was 
fatal) he classed as pleural shock, but, on review, they might have been due to cerebral air 
embolism. He recites the details of only one case, which was apparently the result of air 
embolism. 
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A STUDY OF THE POSITION OF PRIMARY CAVITIES 
IN PULMONARY TUBERCULOSIS! 


HENRY C. SWEANY, CAROL E. COOK anp ROY KEGERREIS 


Near the beginning of the present century there arose a misconception 
concerning certain aspects of the pathogenesis and clinical course of 
pulmonary tuberculosis. This erroneous view consisted in the assump- 
tion that the tuberculous process began as a small apical lesion and spread 
gradually toward the base. The acuteness of most reinfections was, 
to a large extent, unappreciated. In a search for the cause of this, it 
seems that the classical work of Naegeli, Orth, and many others, reveal- 
ing the frequency of apical tuberculous lesions in practically all people 
dying of diseases other than tuberculosis, may have caused false conclu- 
sions to be drawn; for instance, that the one condition was a different 
stage of the other. Although the intervening stages of the disease were 
not known, it seemed consistent for some to assume that these early 
apical lesions furnished the seed from which the disease slowly developed. 
Since that time, however, it has been found that most reinfections have 
an acute nature, and that it is not at all certain that they come from the 
apical lesions. When they are proved to arise from an apical lesion, there 
is a quiescent period of slow spread followed by an acute exacerbation, 
which Loeschke has aptly termed the “critical moment.” With the 
exception of Loeschke (1), Huebschmann (2), Koelensmid (3), and a few 
others, pathological anatomists and clinicians regard the apical scars 
as harmless remnants, and apical disease relatively uncommon (7 per cent, 
Braeuning (4)), and benign (Kayser-Peterson (5)), Piéry (6), Neumann 
(7), Simon (8), Hochstetter (9), and others. 

As a direct result of this misconception, diagnosticians were taught to 
search the apices for “the few persistent rales” and to make the “diagno- 
sis early,” presumably to avert the far-advanced disease. Despite the 
fact that much good may have come from the propaganda for the public, 
there was a wave of “overdiagnosis” and the hospitalization of many 
“incipient” patients, who, having “incipient apical lesions” in most 

1 From the Research Laboratories of the Municipal Tuberculosis Sanitarium, Chicago, 
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instances, would not have developed the disease even if left alone. When 
a patient was found with an advanced lesion, it was attributed to careless- 
ness or ignorance on the part of the patient or family physician. Even- 
tually, however, these advanced lesions were found to appear suddenly, 
and with these observations the old ideas of slow apicocaudal spread 
began to change. 

Although clinical and sociological progress in the management of 
disease originates from, or is founded upon, facts observed in the patho- 
logical laboratory, in this instance there seems to have been a lack of the 
necessary liaison between the two groups, with the above-mentioned 
results. From Laennec to Koch there seemed to exist a complete associa- 
tion, but the observations of Fowler (10) and also Ewart (11) in England, 
shortly after Koch’s discovery, were apparently not followed. Both of 
these men pointed out that most severe lesions are below the clavicle, 
and the former stated that the infraclavicular type spreads more rapidly 
than the less common apical lesions. In spite of later excellent work of 
Birch-Hirschfeld (12), Schmorl (13), and Abrikosoff (14), on tuberculous 
bronchitis, the apical lesions attracted the most attention and afforded 
the basis for the erroneous propaganda which has been further abetted, 
according to Redeker (15), by the more recent work of Simon and Puhl, 
on old haemotogenous apical lesions. In no instance, however, has it 
been the fault of the pathological anatomists, but the improper and 
unjustifiable interpretation of their work. 

The first significant remonstrance directed against the general accept- 
ance of the old apicocaudal theory awaited the development of the X-ray’ 
with which the various stages of the disease could be followed. Although 
the Germans are usually given credit for beginning this “reformation,” 
it is unjust to overlook some American investigators. Dunham’s (16) 
correlation of the cone-shaped X-ray shadows, with acute involvement 
of a group of secondary pulmonary lobules, opened the field for study, 
while Gekler (17) was the first, so far as we have been able to find, to 
re-direct proper attention to the acute subapical form of the disease and 
amplify the earlier work of Fowler and Ewart. Gekler’s work has been 
singularly overlooked, both in this country and abroad. The observa- 
tions on which his work was founded were carried out on a series of over 
600 patients in the same institution in which our studies have been 
made; his conclusions anticipated the more recent work of Assmann, 
Redeker, and others. 

Gekler believed, with Ghon (18) and Harbitz (19), that the acute 
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subapical form of the disease is most likely a reinfection from ruptured 
lymph nodes near the focus. This theory of origin, however, is still 
largely unproved, but his other work has been borne out. The symptoms 
he says, are vague. Most patients suffer for several months with a 
lowered general resistance, progressive loss of weight, perhaps a dry 
hacking cough, slight afternoon fever, occasional night-sweats, and now 
and then dull aching pain between the scapulae or along the margins 
of the sternum. Following this, more violent symptoms may ensue 
which may be compared to the recently coined “critical moment”’ of 
Loeschke. In his description of phthisis pulmonalis, which he considers 
the dominant form of pulmonary tuberculosis, and to be represented by 
lung destruction, Gekler says: 


The disease does not of necessity attack the apices first, but is usually located 
back of the first or second (anterior) interspace and quite often laterally under 
the shoulder cap where it may escape detection. The roentgenogram reveals 
a soft, poorly defined shadow usually above the hilum back of the first or second 
interspace, sometimes back of the third, most often unilateral, although possi- 
bly bilateral. In mild cases these bronchopneumonias are not very large, but 
in severe cases, even when found early, may be quite extensive. The apices 
are very often clear, although occasionally one will find a similar broncho- 
pneumonia process at the apex. 


A year after Gekler’s results were published, Wessler’s (20) work 
appeared with similar X-ray findings. Fishberg has quite properly 
pointed out that this work has been overlooked, but the priority, it 
seems, should go further back to Gekler. 

The greatest amount of discussion was created, however, when 
Assmann’s (21) first publication appeared in 1922, and at various times 
subsequently (22) (23) (24). It is true that Assmann, in his various 
articles, has, perhaps, described one of the earliest types of lesion of 
tuberculous reinfection. It is still a question whether these early ‘“in- 
filtrates” constitute a restricted group, as Assmann is inclined to believe, 
or whether they are simply early stages of the reinfections in general 
that have been described by Fowler, Ewart, Gekler, and, more recently 
Redeker. Assmann’s observations were based on a study of early 
infiltrates in young adults (medical students, attendants, etc.) who all 
presented symptoms quite like those described by Gekler five years 
before. He says that in general the patient has a feeling of lowered good 
health, sometimes some increase in sweating, a loss of appetite, now and 
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then a loss of weight, and a rise in temperature resembling a grippe in- 
fection. There is little or no cough or expectoration, but the sputum, 
when present, is rich in tubercle bacilli. The physical examination re- 
veals only slight impairment of the respiratory murmur, and fleeting 
crepitant rales at the angles of the scapulae may occur. The roentgeno- 
gram shows clear apices, with a circumscribed roundish but homogeneous 
soft shadow beneath the clavicle, and most commonly near the thoracic 
wall, about 1.5 to 3 cm. in diameter. 

Gekler considers that this type of reinfection may be the first severe 
infection after a mild primary infection, and he does not necessarily 
consider it to be perifocal. If this is correct, it may be justifiable to 
restrict Assmann’s work to this class of patients, and not in the broad 
sense of reinfection in general that is represented in Gekler’s work, and 
more particularly in the work of Redeker. Braeuning (25) divides 
tuberculosis into three degrees on a rough quantitative basis, and states 
that any one phase may come on quickly or slowly, without clinical 
evidence of previous apical tuberculosis. Redeker (15) (26) has made, 
perhaps, the most exhaustive studies on infraclavicular “infiltrates” and 
considers them reinfections with perifocal involvements in the period of 
secondary allergy of Ranke. Romberg (27), Lydtin (28), Grau (29), 
and others concurred in this view, although Diehl (30) considers them 
exacerbations of the primary foci. Unverricht (31) states that they must 
represent reinfections, because of the demonstrable calcified foci in 
patients with such infiltrates. Furthermore, Simon (18) has pointed 
out the lack of regional lymph-node involvement. Frischbier (32) con- 
curs in the importance of these parenchymal findings, but feels that 
hilum tuberculosis is not properly interpreted. Graeff (33) also stated 
that roentgen examination fails to reveal any hilum foci that can be 
demonstrated by careful section. Others who have contributed to this 
work are Haudek (34), Ulrici (35), Ickert (36), Dorendorf (37), Lydtin 
(38) and many other German authors; while Douglas, Pinner and Wole- 
por (39), Fishberg (40) and Fischel (41) in this country have contributed 
to the subject. Douglas, Pinner and Wolepor have pointed out that 
frequently the infraclavicular cavity will reach the apex by extension. 

It occurred to us, therefore, that a study of the location of primary 
cavities in pulmonary tuberculosis may help to explain certain facts in 
the pathogenesis and clinical interpretation of the disease. Accordingly, 
detailed studies have been made of over 2,204 patients in the Municipal 
Tuberculosis Sanitarium of Chicago, in order that we might select early 
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cavities that could be located with an accuracy that would involve a 
probable error of certainly less than 10 per cent. A total of 268 reasona- 
bly early cavities were found suitable for our studies out of a total of 
1,209 definite cavities, although, with one or two exceptions, there were 
no early foci corresponding to those described by Assman. ‘These have 
not, and perhaps may not become cavernous. (See plate 2, figure 2). 
This is what we should expect to find in our type of material. There is 
no doubt but many, perhaps the majority of these eatly cavities, repre- 
sented a late stage of so called “Assmann’s infiltrates.” The diffuse 
“juvenile” type of infiltration presented from various points of view by 
Aschoff, McPhedran, Myers and others, although perhaps of a similar 
nature in young people, are not considered, because their foggy borders 
precluded accurate measurements. Furthermore, many cavities may 
have been overlooked. For example, small cavities in the apices are 
difficult, if not impossible to see, because the early thin-walled ones have 
either spread to larger size or healed before they come under observation. 
A common finding in this type of cavity is a spread downward, forming 
saccular cavities that blend into the larger bronchi as bronchiectatic 
dilatations resembling an indian-club in shape. Finally, certain cavities, 
which would have been suited to our needs, were not considered because 
of certain technical errors of roentgenograms, to be considered in a 
separate paper. 

An objection may be raised because a complete exploration of the 
posterior lung field at the base was not always carried out. It has been 
our experience, however, that cavities behind the heart are rare, except 
in the primary and primary type of infection. These types we have 
largely omitted from this study. 

The term “primary” in the title of the paper means only the first 
observable parenchymal excavation. “Early” is used in the sense of 
a relatively small, single or discrete cavity. We realize that some are 
perhaps several years old, but, due to the benign character of the disease, 
marked symptoms are only recent. Plate 2, figure 4, is a radiograph of 
such a patient. 


METHODS OF STUDY 


The method of geometrical localization from stereoscopic radiographs, 
which is described in the following paragraphs, was developed by us with 
the knowledge that these principles probably had been previously uti- 
lized by others with a similar purpose. There is a very admirable 
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discussion of these principles in the book, Localization by X-Rays and 
Stereoscopy, by Sir J. Mackenzie Davidson (42). 

The images (shadows) of the posterior portion of the ribs do not coin- 
cide if the two radiographs of the stereoscopic pair are placed on top of 
each other so that the anterior portions of the ribs are superimposed. 
The anterior portions of the ribs will coincide almost identically, and 
there is a distinct difference in the images of the other regions of the 
thorax. 

The vertical (up and down) distance between the images of corres- 
ponding points of the posterior portions of the ribs, when the anterior 
portions are made to superimpose, is what we have called the “total shift 
(see EG, chart 1). The thickness of the chest (CG) or the distance of 
any object within the chest (GD) can be calculated by means of the law 
of similar triangles. Triangles ACB and GEC of chart 1 are similar, 
as are triangles ADB and GFD. It should be noted that AG is the 
axialray. The complication and even error, introduced when rays which 
lie outside the plane of the tube-shift and the axial ray are similarly 
considered, is negligible, since the angles and consequent distortion are 
quite small. The maximum deviation from the axial ray comes in the 
lower lateral chest and is of the order of 10 degrees which introduces an 
error of about 2 per cent. 

There is a slight approximation in assuming that the anterior portions 
of the ribs lie in the reference or datum plane since they do not coincide 
with the plane of the film. The error due to such assumption tends to 
be minimized since the approximation appears in the estimated total 
shift as well as in the partial shift of the intrathoracic lesion being studied. 

The shift of an object on the two stereoscopic radiographs depends on 
its distance from the anterior chest-wall (= x). This distance is nearly 
proportional to its shift, but not exactly so. The true relation is given 
by the expression: 

= where X = CG 
The curves of chart 2 represent this relation for different total shifts, 
that is, for different chest thicknesses. 

The distance DG, which is the distance from the cavity being localized 
to the anterior chest-wall, was similatly calculated. In fact, such 
calculations were made for a whole series of total shifts. A single curve 
of chart 2, therefore, represents such a set of data for some particular 
total shift. 
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The relative positions of the X-ray tube, thoracic cage, and the lesion, 
may be such that all the rays, which are used in the calculation, slant, 
say, downward and sidewise. In such cases the methods yet hold to 
the accuracy claimed. The principal errors in such cases, and most of 
them besides inaccuracies of measurements fall under this head, depend 
on the increase of distance on account of the obliquity. 

The target-film distance was 44 inches in all the work herein reported, 
and the shift of the X-ray tube between exposures was 23 inches. 

Stereoscopic radiographs are taken with the X-ray tube behind the 
patient and the cassette near to or in contact with the anterior chest- 
wall. The shift (downward) of the X-ray tube between exposures 
causes the radiographsof a stereoscopic pair to differ. It is this difference 
that causes the plasticity or “depth.” 

The observer visualizes the lesion in the stereoscope and determines, 
first, if the lungs appear entirely within the thorax, and then makes a 
judgment of its anterior-posterior location. Then measurements are 
made. It was discovered by us, when making careful stereoscopic studies 
and calculations based on mensuration, that occasionally a pair of radio- 
graphs would be encountered in which pulmonary lesions had impossible 
locations; that is, appeared to be outside the thoracic cage. 

It is a true and very real condition which has at one time or another 
been observed by roentgenologists, but, so far as the literature has been 
available to us, we have found no published explanation of such 
phenomena. 

In ruling out erroneous pairs of radiographs, it is necessary to be cer- 
tain that the chest contents must appear entirely within the bony thorax, 
and the lateral dimensions of all bony landmarks must coincide through- 
out the entire extent of the radiographs. 

Any movement that takes place will be the cause of a distortion of the 
thorax and its contents, and may even be the cause of impossible rela- 
tions between the viscera. A more complete study of these disturbing 
factors will appear in a subsequent report. 

Cavities were “located” by specifying (1) side; (2) posterior rib-level 
(location of the lesion on the radiograph with respect to the highest point 
on the rib shaft); (3) percentage from the midline; and (4) percentage 
posterior from the anterior chest-wall. 

It should be pointed out that all methods of mensuration depend on 
the location of corresponding points and that each point is separately 
located. In stereoscopic vision the thing as a whole is summated, and 
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for that reason it is more general in that the plasticity of a region as a 
whole is integrated. Stereoscopic vision has an advantage in the gross, 
and mensuration has an advantage in the minute. The most prominent 
landmarks set the state for stereoscopic plasticity. 

The accuracy of the determinations depends on many factors, the most 
important of which is the accurate measurement of the shifts. In most 
cases fractions of a millimetre were estimated. The effect of an error 
in measurement, of course, depends on the magnitude being measured. 
When all possible errors are considered, we felt that an error of plus or 
minus 5 to 10 per cent will include practically all the data. 


TABLE 1 
Summary: diameter 
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RESULTS OF THE STUDY 


There were 2,204 patients studied and charted, 1,209 of which revealed 
demonstrable cavities. 

The cavities measured were in general so well defined that there was 
no doubt in regard to the confines of their images; others were not meas- 
ured. Well-defined cavities which overlapped others were as a rule not 
considered. 

Twenty-one cavities could not be measured accurately. These were 
mostly early cavities with ill-defined or fuzzy borders. There were 14 
others that could not be considered because of disturbing factors due to 
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the patient having moved between exposures. This left 268 early cav- 
ities in 204 patients that we were able to measure. These were located 


TABLE 2 
Summary: per cent from midline 
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TABLE 3 
Summary: posterior rib-level 
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with respect to side, size, percentage distance from midline, percentage 
distance posterior, and posterior rib-level. The results are represented 
in tables 1 to 6, and charts 1 to 6. Another classification that we made 
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TABLE 4 


Summary: per cent posterior 
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CuartT 1. Illustrating the principle used in calculating the location of objects within the 
chest. AB = tube shift; C, posterior ribs; EG, total shift; D, object within chest; FG, shift 
of object on films, 
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Cuart 2. Shows the deviation of the calculated percentage posterior as the total shift 
increases. 
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Cuart 3 
Fic. 1. Showing charted diameters of cavities measured in centimetres. 
Fic. 2. Showing number and per cent from midline. 
Fic. 3. Showing number and per cent posterior. 
Fic. 4. Showing number and posterior rib-level. 


was whether the lesions were single or multiple. As was to be expected 
there were more multiple than single lesions. The whole group of ob 
servations was further classified into the clear-cut examples and thos« 
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CHART 4 


Fic. 1. A diagrammatic longitudinal section through the thorax, showing the position of 
the cavities with respect to the midline and posterior rib-levels. 

Fic. 2. A cross-section diagram between the 4th and 5th dorsal vertebrae, showing the 
posterior aspect of most of the cavities. 
in which the borders were not so sharp that we felt justified in classifying 
them as “fair.” There was no essential difference, however, between 


the results of the two groups. 
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CHART 5 


Fic. 1. A diagram, showing distribution of single cavities on right bronchial rami. 
Fic. 2. The same for the left side. 
Fics. 3and 4. The same as figs. 1 and 2 except for multiple cavities. 


The diameters are recorded in table 1 and charted in chart 3, figure 1. 
The greatest number of cavities were less than an inch in diameter, and 
a few in the apices of the lower lobes were much larger, but because of 
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-heir unusual location they were measured. ‘The percentages from the 
nidline are tabulated in table 2 and charted in chart 3, figure 2. The 
reater number are found about 75 per cent out from the midline. Like- 
vise, table 3 and chart 3, figure 3, show that the greater number lie in 
he posterior third of the lung. Table 4 and chart 3, figure 3, reveal that 
the greater number lie between the fourth and fifth ribs, or in the fourth 
nterspace. 

Summarizing these findings, there seem to be definite lung regions 
‘nvolved in the posterior part of the upper lobes. This is further empha- 
sized by chart 4, figures 1 and 2, and chart 5, figures 1, 2, 3and 4, showing 
single and multiple cavities on each side, plotted over reconstructed 
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Cuart 6. Showing the relative percentage of involvement of different bronchial rami 
of both sides. 


photographs of lung models. Here the evidence points more clearly to 
a definite lung lesion; in fact, it suggests a definite bronchial distribution. 
In placing the posterior rib levels in chart 5, we consulted Spalteholtz’s 
Morris’s, Gray’s and Cunningham’s text-books of anatomy, and recon- 
structed the charts from measurements made from their illustrations. 
The basic bronchial-tree diagrams are taken from Spalteholtz, as was 
chart 4, figure 1. Figure 2, chart 4, was taken from Morris. The dia- 
grams were made of the position of the rib-heads, which is about a centi- 
metre below the highest level of the rib-shaft. The slant of X-rays 
may also account for another slight error, but this error, except in the case 
of the first two ribs, is either negligible or of the opposite order to the 
other and, therefore, will tend to neutralize it. 
Tables 5, 6 and 7, and chart 6 present data from 289 patients for 
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whom an attempt was made by careful stereoscopic study to localize the 
lesions according to side and bronchial groupings. Here the data were 
only a matter of judgment, because there was no way of checking meas- 
urements. There was this essential difference in the two methods: 
the latter method considered clusters of cavities in a region of a definit; 
bronchus as of single bronchial distribution; therefore, there is some over 
lapping of the data. After considerable study of models and pathologi- 


TABLE 5 
Singie bronchial group (214 cases) 


APEX OF MISCEL- 


APICAL SUBAPICAL HORIZONTAL LOWER LOBE LANEOUS 


R 


2 


: 3 


TABLE 6 
Multiple bronchial group (75 cases) 


APEX OF MISCEL- 


APICA SUBA 
APICAL SUBAPICAL HORIZONTAL LOWER LOBE LANEOUS 


55 
29.9) 23.9 


TABLE 7 
Total (259 cases) 


APEX OF MISCEL- 


APICAL SUBAPICAL HORIZONTAL LOWER LOBE LANEOUS 


555) 9.0) 4.7) 2.0} 1.1 | 100 


cal specimens, we were able to approximate the position of bronchi 
within a resonable degree of accuracy. 

It was difficult, sometimes, to judge accurately whether a cavity was 
on the apical or posterior subapical ramus or on the posterior subapical 
or horizontal ramus. Many times, as borne out by pathological study, 
single cavities are penetrated by branches from two different groups. 
Furthermore, frequently anomalies are present that prevent absolute 


| 
| 
IPETAGEN 12.0) | 100 
R R L R L R L 
8.1) 1.6 7.1) 3.0 2.4 | 1.2 | 100 
_ 
Percent.......-.....| 


73 


on 


POSITION OF PRIMARY CAVITIES 


| calization by this method. This estimation, therefore, places the 
c vities in the region most commonly supplied by definite bronchial 
+ mi; namely, the apical, posterior subapical, posterior horizontal, apex 
« lower lobe, and a miscellaneous group of little consequence. Plates 

2, 3 and 4 show these respective group involvements. 

In presenting representative illustrations for these various types of 
civities, we have tried to show as complete a variety as possible, but do 
rot wish thereby to place too much emphasis on any one type, because 
o: this qualitative and quantitative representation. For example, the 
|-ft subapical and the right apical rami are not frequently involved, yet 
we have represented them. Furthermore, the ages of cavities vary. 
‘here are some early foci that have not yet become excavated; others 
are recent, thin-walled and “punched out”’ in appearance; while others 
have varying degrees of wall-thickness revealed by a sharp ring-like 
density. These stages, we feel, are passed through in the evolution of 
nearly all cavities, and for this reason the ‘‘old” cavities are the ones in 
which the disease was arrested before extensive spread occurred. Very 
few of these patients should be considered more than moderately ad- 
vanced. The cases that have not done well, in this series, are those of 
fresh cavities in young people, in which it has not depended so much on 
an evolutionary stage but on an inherent susceptibility, due to age, ‘lack 
of immunity,” “excess of allergy,” or some other obscure principle. 
While we have made no attempt to evaluate prognostic signs in this 
study, we might suggest, in passing, that, if there is any one unfavorable 
prognostic sign, it is an extensive perifocal reaction around an early thin- 
valled cavity. This is commonly found in young adults. 

It is striking to note that about 98 per cent of the bronchi involved 
‘ome off the main bronchial stems and extend rather abruptly posteriorly. 
Che subapical bronchus, as pointed out by various authors, is the most 
requently involved. We found about 54 per cent of the total confined 
o these bronchial rami. A slight difference between the two sides is 
vorthy of note. The left apical is more frequently involved than the 
ight apical. This is due to a wider distribution of the left apical ramus, 
ind sometimes a smaller left subapical ramus. The relation between the 
eft horizontal to its neighboring branches is also not always constant. 
‘inally, let us point out two other observations made by Dunham (43) 
44) many years ago that have been confirmed. First, the relative fre- 
juency of involvement on the two sides is only slightly more on the.right 
han on the left side (about 53 to 47), and, second, the common appear- 
ince of cavities at the apices of the lower lobes. 
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DISCUSSION 


The pertinent facts in this work show that the great percentage «/ 
primary-reinfection cavities are located in very definite localities of th» 
lung. In fact, certain regions seem to be vulnerable to early reinfection, 
perhaps corresponding to definite bronchi. The most common region 
involved is that corresponding to the posterior subapical rami of the 
upper lobe bronchi. The next in order is the horizontal ramus on the 
right and the apical on the left, all of which seem to be the most postericr 
branches. This posterior aspect is equally applicable, if not more so, 
to early reinfections than the term infraclavicular. Judging by this 
work and pathological observations, we feel that there is no one factor 
as important as the posterior position. ‘‘Infraclavicular” is rather loosely 
understood to mean the region in the second, third and fourth interspaces, 
while a large number occur in the apices of the lower lobes corresponding 
to the 5th, 6th and 7th interspaces, which correspond to the first posterior 
branch of the lower-lobe bronchus. How prophetic was Fowler’s de- 
scription, when he stated that the lesion is most often found “an inch 
and one-half below the summit of the lung, and rather nearer to its 
posterior and external borders. A second and less usual site of the 
primary affection of the apex corresponds to the chest within the first 
and second interspaces below the outer third of the clavicle.”’ 

This evidence seems to suggest a bronchogenic origin of such infections. 
It would seem that herein may be found very important clues concerning 
the pathogenesis of reinfection in pulmonary tuberculosis. Without 
any definite proof it suggests that mechanical factors may be responsible. 
These particular bronchi may lack the cleaning facilities of other bronchi. 
The respiratory motion and ciliary action of the lower lobes may not be 
present, the gravity factor of the apical bronchi may not operate in these 
bronchi; so there may result a greater tendency to an accumulation of 
infectious material in these regions. 

There seems to be no reason to confine the early infection to young 
adults, as Assmann was obliged to do, because of the type of materia! 
he worked with. In fact, Warnecke (45) states that they are not con 
fined to any age or group. It may be that Assmann’s findings ar 
peculiar to a special type of reinfection in which enter dosage and im 
munity, and that the pathological and X-ray findings are slightly differ 
ent as a result of this, but it seems more logical to consider them a pari 
of the broad field of reinfection. 
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The left lung is slightly different from the right in that theapical region 
has a greater number of branches and a wider spread. One factor that 
seems to cause a variation is the apex of the lower lobe that reaches 
nearly a whole rib higher than that on the right. In this space in the 
lower lobe there does not seem to be the same frequency of cavities as in 
the same space on the right side. 

Another significant fact is that this group of patients represents a 
cross-section of early tuberculous reinfection in adults. The younger 
the patients the greater the mortality, but most of them have improved 
on regular sanatorium treatment. The causes have been discussed 
before, as well as the few exceptions. Whether the infectious material 
comes from old apical foci, from ruptured lymph nodes nearby; whether 
it is primarily a tuberculous bronchitis, or from distant primary foci, or 
from an aerogenic route, will not alter these principles. 

Our material represents average reinfections in patients who were 
fortunate enough to present some objective symptoms during a relatively 
benign early stage before advanced spread resulted. The only difference 
between these and the other thousand or more patients with advanced 
disease that came in during the same time was that most of the others 
did not have any significant symptom that would cause them to seek 
medical aid until the disease had become widespread. ‘There are more 
fatalities when the reinfection involves many bronchi. (See plate 4, 
figure 3.) 

Although it is more of a secondary consideration, the results of treat- 
ment on this group of patients have been favorable, in spite of the fact 
that many had a rather widespread dissemination from the reinfection. 
The most unfavorable developments occurred in young individuals, which 
corresponded to the rather serious prognosis given by Assmann. A final 
analysis cannot be made for several years, but there is no reason to sus- 
pect any difference from the results with most moderately advanced 
tuberculous patients. 

Finally, let us, with Pisinger (46), and others, be not carried to extremes 
with new theories in our zeal to understand and to explain the phenomena 
of acute reinfection. The fact is that a complete knowledge of the whole 
chain of events in the progress of the disease, phthisis, is still incomplete 
in many respects. But it is now relatively certain that the old idea, of a 
small “incipient” lesion progressing slowly toward the base, is wrong. 
Whether the reinfection begins from the old apical lesions (Loeschke, 
Huebschmann, Koelensmid, and Henius); from reactivated primary 
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complexes (Diehl); from a tuberculous bronchitis (Birch-Hirschfeld, 
Abrikosoff and Schmorl); from haematogenous spread (Ranke, Simon 
and Puhl); from ruptured lymph nodes (Ghon, Harbitz, and Gekler); 
or from the aerogenous route (Assmann and Redeker), the process is 
predominantly of an acute nature. The other facts can only be ascer- 
tained by careful pathological study. 


SUMMARY AND CONCLUSIONS 


1. A study of the localization by means of stereoscopic X-ray of pri- 
mary cavities of reinfection in pulmonary tuberculosis is reported. 

2. There were 268 cavities measured in 204 patients with respect to 
size, posterior rib-level, percentage from the midline and percentage 


posterior. 
3. They seem to be situated in definite lung regions, mostly in the 


posterior and outer part of the upper lobes and the apices of the lower 
lobes. 

4, About 98 per cent of early cavities seem to be situated on bronchi 
that are directed rather sharply posteriorly; in fact, the posterior aspect 
of the bronchi seems to be the one most important common factor. 

5. An attempt was made to place the lesions with respect to bronchial 
branches. The posterior subapical rami seem to be involved most 
frequently, 53.8 per cent (29.5 per cent right and 24.3 per cent left); 
the apical 18.5 per cent (5 per cent right and 13.5 per cent left); the 
horizontal 11 per cent (8. 3 per cent right and 2.7 per cent left); and the 
apex of the lower lobe 13.7 per cent (9.0 per cent right and 4.7 per cent 
left). Others were insignificant. 

6. Most cavities are situated 1.5 to 3 cm. beneath the pleura corre- 
sponding to the fourth and fifth order of bronchi, and consequently nearly 
all are “infraclavicular.” 

7. The distribution of the lesions on the right and left sides appears 
to be directly proportional to the lung volume of these respective sides. 

8. The position of these early cavities indicates a common mechanical 
factor of origin. 

9. It also suggests a bronchogenic origin resulting from a lack of clear- 
ing facilities of the particular bronchi, or some similar mechanical 


principles. 
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PLATE 1 

Fic. 1. Patient, H. L. Case 31,344. Heavy-walled cavity, 50 per cent posterior, on 
right apical ramus. Clearing nodular and acinonodose tuberculosis, right and left upper. 
Onset insidious; 2 years’ duration; becoming quiescent. 

Fic. 2. Patient, J. A. Case 31,458. Dense-walled contracted cavity, 40 per cent posterior 
on left apical ramus. Onset pneumonic in 1920; cough ever since; insidious course. Old 
partially healed involvement on right subapical ramus and left main bronchus near base 
quiescent. 

Fic. 3. Patient, M. W. Case 28,852. Beginning excavation of an infiltration 40 per cent 
posterior, corresponding to the right horizontal ramus. There is an old clearing and fibrotic 
process in the region of the right subapical ramus and at hilum on both sides. Severe bron- 
chitis 8 months ago and loss of weight beginning 6 months. Becoming quiescent. 

Fic. 4. Patient, F. W. Case 28,334. Old thick-walled cavity, 50 per cent posterior in 
the region of the left subapical ramus with clearing small parenchymatous lesions in left 
upper and in right apex. Onset influenza 1 year before, followed by cough, lassitude, slight 


loss of weight. Arrested. 
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PLATE 2 


Fic. 1. Patient, J.D. Case 28,386. Linear cavities 60 per cent posterior in region of the 
right subapical ramus, with clearing parenchymatous lesions surrounding the cavities, and 
also in the left upper lobe and apex of right lower. Onset insidious; duration 3 years. 
Quiescent. 

Fic. 2. Patient, F. G. Case 29,723. Either a partially excavated parenchymal focus 
or a heavy-walled healing cavity, 70 per cent posterior, corresponding to left subapical ramus. 
A definite calcification in left hilum. Onset insidious, lassitude, loss of weight, 1 year, tem- 
perature 2 months. Improving. 

Fic. 3. Patient, H. W. Case 29,279. <A thin-walled cavity 70 per cent posterior in the 
region of the left subapical ramus. Slight perifocal infiltration and slightly clearing parenchy- 
matous lesions toward the apex and also in apex of right lower lobe posterior. As with mostly 
all others there is a peribronchial infiltration from the foci toward the hilum. Onset pleuritic, 
followed by cough, loss of weight, etc., 3 months’ duration. Becoming quiescent. 

Fic. 4. Patient, R. B. Case 29,846. A heavy-walled cavity 60 per cent posterior in the , 
region of the lower branch of right subapical ramus or the horizontal ramus. Clearing 
parenchymatous lesions along both apical rami and peribronchial thickening toward the 
hilum. Onset insidious; pain in chest, lassitude and loss of weight 2 months. Quiescent. 
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PLATE 3 

Fic. 1. Patient, H. S. Case 29,478. A moderately thin-walled cavity, 90 per cent 
posterior in the region of the first posterior ramus of the right lower-lobe bronchus. Slight 
perifocal infiltration extending toward the hilum. Slightly calcified caseous nodes at the 
left hilum, perhaps part of old primary. Onset: Cough 3 months. Becoming quiescent. 

Fic. 2. Patient, S. K. Case 27,782. Thin-walled cavity, 80 per cent posterior in region 
of second posterior ramus of right main bronchus. Old fibroid lesion also in region of right 
subapical ramus. Quiescent. 

Fic. 3. Patient, R. M. Case 31,803. Very thin-walled “punched out” cavity, 90 per cent 
posterior in region of first posterior ramus of the left lower-lobe bronchus. There is another 
cavity posterior and more toward the base, having a thicker wall. Also there are clearing 
parenchymatous lesions along the right subapical ramus. Onset: Haemoptysis 8 months. 
Improving. 

Fic. 4. Patient, D. F. Case 31,720. Small thin-walled cavity, 90 per cent posterior in 
the same region as the preceding. Slight clearing of parenchymal lesions also in whole right 
lung and left upper lobe. Onset: Insidious; 2 years. 
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PLATE 4 


Fic. 1. Patient, A. P. Case 26,408, showing caseous nodular foci, one of which seems to 
be undergoing ulceration. The lower is 30 per cent, the upper 50 per cent posterior, corre- 
sponding to the anterior ard posterior horizontal rami. Onset: Cough and expectoration 8 
months. Becoming quiescent. 

Fic. 2. Patient, C. B. Case 30,481, showing diffuse lesion, 70 per cent posterior, in 
the region of either the lower branch of the right subapical ramus or horizontal ramus. Onset: 
Haemorrhage 6 months ago; becoming quiescent. 

Fic. 3. Patient, M. L. Case 30,768, showing multiple acute lesions in upper lobes of 6 
months’ duration; old caseous and calcified lesions in base; no definite cavities can be seen. 
Died 5 months later. 

Fic. 4. Patient, H. H. Case 30,495, showing multiple lesions in base of right upper lobe, 
involving the horizontal and subapical rami. Onset: Pleurisy 6 months. A diffuse type of 
infiltration undergoing excavation. Became quiescent. 
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THE DEMONSTRATION OF RARE TUBERCLE BACILLI 
IN SPUTUM 


By the Dilution-Flotation Method in Conjunction with Picric Acid! 
JOSEPH E. POTTENGER? 


The last thirty years has developed an extensive literature devoted 
either to modification of the Ziehl-Neelsen staining technique, or to the 
proposal of new methods for the preliminary treatment of sputum, to 
the end that acid-fast bacilli may be found the more readily. Few of 
these methods have withstood the test of experience, and most of them 
have been discarded as offering no advantage over the well known Ziehl- 
Neelsen method. Jn fact, there are those who hold the view of Caulfeild 
(1): “It is questionable whether the time employed in treating the spu- 
tum could not with almost equal advantage be spent with two important 
features of the direct method, . . . . the selection for spreading and 
staining of likely particles . . . . and the time and care spent in search- 
ing with the microscope.” 

It seems to me that much of the superiority claimed for various tech- 
niques is attributable to the counterstain used rather than to the primary 
stain. Spengler (2) introduced picric acid as a counterstain and found 
tubercle bacilli frequently in cases in which the Ziehi-Neelsen was nega- 
tive. Schulte-Tigges (3) found many more bacilli in preparations coun- 
terstained by picric acid than in those treated by methylene-blue. Shoub 
(4), working with a fair-sized material, reported 5.57 times as many 
tubercle bacilli by picric acid as by methylene-blue. 

I have employed picric acid almost exclusively as a counterstain 
for twenty-three years. It was observed early that rare bacilli often * 
overlooked in methylene-blue preparations were easily seen in picric- 
acid preparations, so that the latter was substituted for the former at that 
time. Recent quantitative comparisons between the two counterstains 
gives in my hands an average of 5.3 times as many tubercle bacilli found 
in the same time of search by picric acid as by methylene-blue. This 


1 Read at the twenty-seventh annual meeting of the National Tuberculosis Association, 
Syracuse, New York, May 14, 1931. 
* The Laboratory of the Pottenger Sanatorium, Monrovia, California. 
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factor agrees closely with Shoub’s. In very thin preparations methylene- 
blue gives almost as good a result as does picric acid in the same time of 
search, but as the preparations become thicker picric acid yields 2 to 12 
times the number found by methylene-blue. Finally, when the prepara- 
tions are so thick that methylene-blue interferes completely with visi- 
bility, picric acid still yields positive results. 

Corper’s (5) careful work in determining the limit of usefulness of the 
Ziehl-Neelsen method is undoubtedly dominating our thought in this 
direction at this time. He concludes that “in order to find tubercle 
bacilli in the stained smear by microscopic examination, it requires the 
presence of more than about 100,000 tubercle bacilli in 1 cc. of sputum.” 
He recommends that this gap be filled by resort to culture methods. 
Others are advocating the use of guinea-pig inoculation. 

My experience of fifteen years with the method herein to be described 
has shown such a uniform superiority over the old method that I believe 
it should be given consideration by others before yielding hastily to the 
more time-consuming methods of culture and guinea pig. In 1915 I was 
making certain morphological studies of tubercle bacilli in spu- 
tum; in particular an attempt was made to classify them according to 
length. It was soon evident that in order to do accurate work the bacilli 
must lie flat against the slide and must not be tilted, as they are in direct 
smears when surrounded by pus, epithelium, albumin and mucus. It 
was evident that a method must be found for freeing the bacilli from these 
undesirable elements; also groups of bacilli must, if possible, be broken 
up so that the individual microdrganisms could be observed. Haserodt’s 
(6) ligroin-antiformin method and later Kinyoun’s (7) ligroin-hypo- 
chlorite method suggested the use of a hydrocarbon to separate the bacilli 
from the other elements. In view of the careful work of Ellermann and 
Erlandsen (8), however, the strength of the chemicals employed in these 
two techniques seemed too concentrated and would certainly injure the 
bacilli. I used one or two volumes of 0.5 per cent NaOH, as a digestant, 
which requires 30 to 45 minutes at 55° to 58° in a water-bath, to thor- 
oughly dissolve the pus. By adding 1 to 2 cc. of ligroin to the digested 
material and shaking in a mechanical shaker, good enrichment was at- 
tained in preparations from the hydrocarbon layer, but the bacilli were 
only partially freed from theother elements and some peeling of the prepa- 
ration was observed because of the NaOH content. The principle of 
diluting the material was tried with complete success. It was observed 
further that shaking the material in extreme dilution with hydrocarbon 
caused groups of bacilli to disappear. 
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Elsewhere (9) I have shown the effect of xylol, ligroin, chloroform, car- 
bon disulphide, etc., in conjunction with the shaking machine in dis- 
solving the interbacillary wax, thus setting free the individual organisms 
from the group in which they arefound. This action does not seem to be 
known generally. Kinyoun was of the opinion that the reverse was true, 
that is, that the hydrocarbon caused bacilli to clump, a supposed fact 
which he considered an advantage; but he did not shake his material 
long enough, nor at sufficient dilution. His method simply broke up 
huge masses of bacilli into many small groups; these masses would not 
likely be seen in direct smear. I have made observations on more than 
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Chart 1. Effect of viscosity of sputum on the,resolution of groups of bacilli when shaken 
with xylol. The numbers in the column at the left represent the percentages of free bacilli 
found in the preparation. 


3,500 specimens from 800 patients on this point, and can say positively 
that, by shaking sputum digested with 0.5 per cent NaOH and diluted 
to a viscosity approaching that of distilled water for 10 minutes to 3 ‘ 
hour with a hydrocarbon, practically all groups will be resolved into 
free cells. I consider the resolution of groups a very important point in 
technique; for instance, a group of 20 bacilli represents one chance in 
making a diagnosis, but, if broken up into 20 scattered bacilli, it repre- 
sents 20 chances. Recently in comparing the centrifuge method after 
digestion with the dilution-flotation method I found a group of 2 bacilli 
during the 11th minute of search and a group of 20 bacilli during the 14th 
minute of search by the former method; by the latter method 6 scattered 
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bacilli were found in the 15 minutes, giving a three-fold superiority of 
the latter. 

That the ease with which the groups are resolved into free cells is de- 
pendent upon the viscosity of the material is shown in chart 1, which 
sets out the results of the following experiments: 

Various sputa, homogenized in a mechanical shaker for 10 minutes, 
were separated into several fractions, which were diluted variously with 
0.6 per cent salt solution and shaken for 30 minutes with 0.5 cc. xylol; 
another fraction was shaken without dilution and xylol, as a control. 
Smears were made, and by differential counting the percentage of free 
organisms and of those occurring in groups was determined for each frac- 
tion. The viscosity of the various fractions was also determined. 

Chart 1 shows that, as the viscosity approaches 1.00, groups of bacilli 
almost completely disappear and the free bacilli constitute nearly 100 
per cent of all findings. This is true particularly for sputa A, B, and C. 
Sputum D shows a very erratic action. This is attributable to the pres- 
ence of huge masses of bacilli in the original specimen, so that uniform 
distribution was not attained before the fractions were made. Subse- 
quent experience, checked by viscosity readings, shows that a dilution of 


1:30 to 1:70 followed by the mechanical shaker reduces the viscosity of 
practically all digested purulent sputa to near that of distilled water. 
Mucoepithelial sputa require a dilution of about 1:15 to 1:25. 


THE DILUTION-FLOTATION PICRIC-ACID METHOD 
Apparatus Required for Convenience 


1: For collection of specimens and also for carrying out the technique, use 8- 
ounce, wide-mouth, graduated bottles, which are selected to fit the shaker. 
They are graduated for every 10 cc., through paraffine with hydrofluoric acid. 
No. 16 cork stoppers, to fit the bottles, must be used once only. 

2: Siphons, 3- to 4-mm. lumen, for removing subnatant liquid. 

3: Capillary pipettes with rubber bulb, for removing hydrocarbon layer in 
making preparation. 

4: Open water bath for digestion, kept at 55° to 58°. 

5: Closed flat-top oven, containing water at 65° for drying films on slides, and 
for staining. 

6: Mechanical shaker. The 4-bottle-shaker manufactured by the Interna- 
tional Equipment Co. has served well. 
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Procedure for Carrying out Technique 


1; Collect 24-hour or 3-day specimen. 

2: Add equal parts of 0.5 per cent NaOH. Shake by machine for 5 to 10 
minutes. 

3: Digest in water bath 55° for 30 minutes to 1 hour. 

4: Pipette off and discard any insoluble residue which has settled at the 


bottom of the bottle. 

5: Add 1 to 2 cc. hydrocarbon (xylol, ligroin, benzene, or gasoline), fill with 
distilled water to about 200 cc. Shake 10 minutes. 

6: Allow hydrocarbon to collect at top of bottle (10 to 20 minutes). 

7: If viscosity of specimen is too high, remove subnatant liquid by use of 
sterile siphon, fill to 200 cc. again with distilled water; shake 5 minutes. 

8: When viscosity is practically that of water, the supernatant hydrocarbon 
layer is drawn up in a sterile pipette which is pinched by inserting cork, and 
allowed to remain in vertical position until subnatant liquid separates from 
the hydrocarbon layer (5 to 10 minutes). The liquid is discarded and prepara- 
tions are made from the hydrocarbon layer which is put on the slide and dried, 
layer upon layer, to desired thickness. 

9: Wash preparation in ether to remove traces of hydrocarbon and fat. 

10: Stain preparation as usual. In decolorizing with alcohol, do not allow 
more than 20 seconds’ exposure, as bacilli decolorize rapidly. Complete 
decolorizing with 5 to 10 per cent sodium sulphite if necessary. Counterstain 
with 1 per cent aqueous picric acid. 


Too much time is required to make these preparations with the plati- 
num loop, as 2 to 5 large drops of the layer are necessary for proper films. 
The insoluble residue consists chiefly of epithelium and food particles, 
which greatly increase the thickness of smears and interfere with the 
concentration of bacilli. These preparations are thin and do not peel. 
They are clean in contrast to preparations from technique using cen- 
trifugated residue, which contains dust and pigment particles. The final 
dilution to be made varies with the character of the specimen, as ex- 
plained above. This can be judged by the rapidity with which the layer 
forms on standing. If it is not formed distinctly within 10 minutes, 
further dilution with shaking is indicated. There are certain rare types 
of purulent sputa which require a dilution of 1:100 or more before the 
hydrocarbon layer forms distinctly. Films made of these sputa, coun- 
terstained by methylene-blue, show a dense network, through which it is 
impossible for the bacillus-laden hydrocarbon to ascend. Further 
dilution with shaking breaks up this network, and the usual enrichment 
follows. 
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COMPARISON OF ZIEHL-NEELSEN AND OTHER METHODS WITH THE DILUTION- 
FLOTATION PICRIC-ACID METHOD 


Twenty-four hour and 3-day sputa were collected from 20 patients 
who were known to have rare tubercle bacilli. Each specimen was 
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Chart 2. Comparison of recovery of bacilli from 20 specimens of sputum, with rare bacilli, 
by Ziehl-Neelsen and other methods with the dilution-flotation picric-acid method. 


placed in a large petri dish and five most likely particles were selected in 
order of their supposed richness in bacilli; they were drawn out inde- 
pendently and parallel to each other on the slide. On another portion 
of the slide was placed a smear, after shaking with an equal part of 0.5 
percent NaOH. Finally the smear from the dilution-flotation procedure 
was placed on the slide. The preparations were then stained simultane- 
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ously, but the 5 direct smears were counterstained on one end with 1 per 
cent methylene-blue, and on the other end with 1 per cent picric acid. 
The other preparations were counterstained with picric acid. Each 
direct smear was searched for 3 minutes for both counterstains. The 
other smears were searched for 15 minutes, but the number of bacilli 
found for each 3-minute period was tabulated separately. This gives five 
3-minute periods for each specimen for each method, or a total of one 
hundred 3-minute periods, or 5 hours’ microscopic time. In only one 
3-minute period did the direct smear with methylene-blue give results 
greater than the average for the five 3-minute periods obtained by the 
dilution-flotation picric-acid method. The direct smear with picric acid 
gave five 3-minute periods, with results greater than was obtained by 
the new method. But in no instance did the direct smear with either 
counterstain equal the new method throughout the 15-minute period. 
Of the 20 specimens selected, 11 were positive by direct smear, methy- 
lene-blue; 15 were positive by direct smear, picric acid; 16 by shaking 
with 0.5 per cent NaOH-picric acid; while all were positive by the dilu- 
tion-flotation picric-acid method. 

Chart 2 shows the degree of success with which I was able to pick out 
the most likely particles for direct smear. The first three choices are 
better than the 4th and 5th for both counterstains. The other methods, 
dilution-flotation, centrifuge after digestion, and homogenization with 
0.5 per cent NaOH, all show the same tendency in that the largest num- 
ber of bacilli are found in the latter 3-minute periods. This is attribut- 
able to increasing familiarity with the preparation. The dilution-flota- 
tion technique gives a 63-fold advantage over direct smears made from 
most likely particles connterstained by methylene-blue. 

Criteria for Judging the Relative Efficiency of Techniques: Since the 
basis for comparison of the techniques described above is at variance with 
custom, some discussion is necessary. A superior technique would uni- 
versally be accepted as one giving preparations in which a greater number 
of bacilli can be identified than in preparations by other methods, in 
unit time of search. In order to attain such superiority, visibility is, n 
my opinion, the first consideration. Visibility is markedly influenced 


by: 
1: Penetration of Stain: Maximum penetration of stain is secured only in 
comparatively thin preparations; bacilli lying deep in a thick preparation are 
invariably less intensely stained and consequently less easily recognized. 
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2: Clearness of Preparation: Presence or absence of dirt, food remnants and 
other residue. 

3: Character of Counterstain: Light diffuse counterstains giving homogeneous 
background are far more efficient than dark, intense nuclear and protoplasmic 
stains, which intercept much light and magnify unimportant details. 

4: Thickness of Smear: As explained under (1). 


In view of the fact that practically all comparisons of techniques re- 
ported in the literature have been based upon the numbr of bacilli found 
per field, from preparations of uniform thickness, the time factor as 
influenced by visibility has been ignored. I rate thickness of smear as of 
least importance, for the disadvantage to the thinner preparation is 
partially compensated for by the greater area one may search in unit 
time. 

Recently, in comparing my method with a certain centrifuge proce- 
dure, I found that, while the centrifuge method gives 2 to 5 times as 
many bacilli per field as does my method, the preparations contain much 
dirt, and their thickness interferes with stain penetration, so that visibil- 
ity is poor. In some twenty comparisons of the two methods I have 
identified twice as many bacilli by my method as by the centrifuge pro- 
cedure in the same time of search. 

Another important source of confusion in comparing techniques is 
the practice of some workers in counting a group of bacilli for as many 
bacilli as it contains. Groups should always be counted as one bacillus. 
They function as one in distribution and are as difficult to find in search- 
ing as a single bacillus. 


LIMITATION OF THE DILUTION-FLOTATION PICRIC-ACID METHOD 


To determine the limitation of the method and to repeat the very 
important work of Corper, I employed the following counting method. 
It is much simpler than methods hitherto described, and the number of 
bacilli per cc. can be determined within 3 hours. Bausch and Lomb 
precision slides are selected by micrometer, so that the four corners and 
centre of the slides do not vary more than 1/2000 inch. They are then 
placed on an adjustable plate-glass platform which has been levelled 
accurately by a spirit level over a drying oven at 65°. The bacillary 
emulsion is prepared by selecting a strongly positive sputum, diluting a 
portion of it with 29 parts of 0.6 per cent NaCl, adding 10 drops of xylol 
and shaking for 40 minutes. This treatment breaks up the groups, so 
that only single bacilli are found. It has been found that, unless a puru- 
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lent sputum has been diluted at least 30 times, the preparation will be 
too thick and interfere with stain penetration. A preparation is now 
made by removing 1 cc. by pipette to a standard precision slide and dry- 
ing on the plate glass, which requires about 15-20 minutes. If the emul- 
sion does not spread spontaneously a fine glass wire may be used. Stain, 
and observe the average number of bacilli per field, counting near the 
thin edges as well as in the thick centre of the slide. It has been found 
that an average of 1 to 4 bacilli per microscopic field is a suitable range for 
accuracy, giving a total count of 100 to 400 bacilli from side to side across 
the slide. After the preliminary count is made the sputum may be i . 
diluted with distilled water so as to bring the final count within that a 
range. After dilution, homogenize in shaker 10 minutes, transfer 1 cc. 
to standard slide as before, stain, and count. A limiting frame to mark 
the width of the field is placed on the diaphragm of the ocular, and, using 
the mechanical stage, every bacillus from side to side, 2 cm. from the end 
of the slide, is counted. The width of the area searched by my ocular 
system is 89.5 micra and as the length of the slide is 7.5 cm., or 75,000 
micra, the factor for computing the number per cc. is 75,000 divided by 
89.5, which equals 838. Hence, the number of bacilli found in searching 
across the slide, multiplied by 838, gives the number of bacilli per cc. of 
emulsion used. 

Objection may be made to this counting method on the ground of the 
unknown influence of surface tension, but I can say that repeated counts 
are strikingly uniform. A comparison of five counts on three different 
slides made from the same emulsion gave the following: 1st slide, 228 
bacilli; 2nd slide, 245 and 228 on opposite ends; 3rd slide, 234 and 233 
on opposite ends. Such results are remarkable in view of the known 
difficulties in homogenizing sputum, and are well within the known range 
of error in counting white blood cells. It requires but 8 to 15 minutes to 
cross the slide with picric acid as a counterstain. Under the conditions 
outlined the final count will range from 50,000 to 200,000 tubercle bacilli 
per cc. which may be diluted further to provide the desired number of 
bacilli per cc. for dosage. 


Experiment 1: To Determine the Sensitiveness of the Ziehl-Neelsen Tech- 
nique: Three purulent specimens from cases of lung abscess and four 
from cases in which the mucus and epithelial elements predominated 
were dosed with 50,000 and 100,000 tubercle bacilli per cc. Table 1 
gives the results of this experiment, confirming essentially Corper’s 
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work and showing the superiority of the dilution-flotation picric-acid 
method, which is found to be 277 times more sensitive than the Ziehl- 
Neelsen in purulent sputa, and 172 times more sensitive in mucoepithe- 
lial sputa. The fourth mucoepithelial sputum was markedly overgrown 
with bacteria, so that visibility with methylene-blue was extremely poor, 
and rapidity of search was impossible. 

From the number of bacilli recovered by the dilution-flotation picric- 
acid method the finding of only one bacillus in 10 minutes would indi- 
cate the presence of only 300, 200 and 250 tubercle bacilli per cc., re- 
spectively, in the three purulent specimens, and 150, 200, 400 and 100 
per cc., respectively, in the mucoepithelial types. Such results approach 


TABLE 1 
Comparison of Ziehl-Neelsen direct smear with dilution-flotation picric-acid method in sputa 
dosed with 50,000 to 100,000 tubercle bacilli per cc. Specimens were homogenized for 20 
minutes in shaker before preparations were made. Preparations searched for 10 minutes 


PURULENT SPUTA MUCOEPITHELIAL SPUTA 


Bacilli recovered Bacilli recovered 
Dose per 
cc. 


Z-N Dil.-Flot. Z-N Dil.-Flot. 


50 ,000 1 164 50 ,000 364 
50,000 0 252 50 ,000 241 
100 ,000 2 415 50 ,000 123 
50 ,000 480 


Dose per cc. 


831 1,208 


Average... . 277 172 


* Overgrown with bacteria. 


quite closely the recognized sensitiveness of guinea-pig inoculation, as 
well as the not too well determined sensitiveness of the culture method. 


Experiment 2: To Recover Tubercle Bacilli from Dosage of 10,000 
Bacilli to Proved Negative Specimens: ‘Twenty-five specimens were col- 
lected, and to various fractions, 45 in all, were added 10,000 tubercle 
bacilli. Average, maximum and minimum recovery for each amount 
of sputum used is recorded in table 2. These specimens were mostly 
mucoepithelial sputa with a certain mixture of dust cells, saliva and muco- 
pus from the nasopharynx. The insoluble residue after digestion was 
not removed in any of the specimens tabulated, a fact that accounts 
largely for the variation in results obtained from specimens of equal 
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quantities. There were 2 of the 45 tests in which bacilli were not re- 
covered. 


On the basis of the average number of bacilli found for each quantity 
of specimen used, the finding of only one bacillus in 10 minutes search 
would indicate the presence of 200 bacilli per cc. for 1-cc. quantities; 
140 bacilli per cc. for 5-cc. quantities; 70 bacilli per cc. for 10-cc. quanti- 
ties, etc. The apparently greater sensitiveness noted in this experiment 


TABLE 2 
Recovery of tubercle bacilli from forty-five negative specimens to which have been added 10,000 
tubercle bacilli, by the dilution-flotation picric-acid method 


AMOUNT OF SPUTUM USED EXPRESSED IN CC. 
1 3 5 10 15 20 25 30 45 
teste: 12 1 8 8 2-12 3 1 
Average recovered... 47 | 7 14; 14] 4 PSE 
Maximum recovered............. 120; 7 30} 30] 10 4 |13 4 1 
Minimum recovered.............. 16.| 7 2 6; 0 0 |4 1 1 
TABLE 3 


Effect of insoluble epithelial residue on visibility of tubercle bacilli in stained preparations, 
Preparations searched for ten minutes 


SPECIMENS 


Percentage residue............. 1.33 | 0.67 | 0.67 | 0.6 | 0.47 | 0.24 | 0.15 
Residue not removed.......... 1 0 2 59 9 - 45 120 
Residue removed by centrifuge. .|19 5 7 370 = |16 1 58 496 


as compared with the previous one is attributable to a lesser proportion 
of albumin and cellular elements in the sputum. 

The effect of insoluble residue on recovery is set out in table 3. Seven 
sputa in which the percentage of insoluble residue was determined by 
centrifuge were divided into two equal fractions and treated exactly in 
the same way, except that in the second fraction the residue was removed 
by centrifuge at 2000 r.p.m. for 5 minutes. 

On an average, the greater the percentage of residue the less satisfac- 
tory is the result. The combined advantage secured by removal is 4 
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to 1,a very important fact. On the other hand, I hesitate to recommend 
the centrifuge, with the necessity of transferring the material to centri- 
fuge tubes and thereby increase the chances of contamination. By 
carrying out the technique in the original collecting bottle and removing 
the insoluble residue with a sterile pipette, danger of contamination is 
reduced to a minimum. The more sensitive our techniques the greater 
is the chance of contamination, and I see no reason why this should not 
apply at least in part to guinea pig and culture as well. 

Having indicated the sensitiveness of the dilution-flotation picric- 
acid method experimentally, in table 4 is presented a tabulation of my 
experience with this method in detecting rare tubercle bacilli during the 
last 15 years. Ten- and 15-minute search has been the requirement 


throughout this period. In general the two groups of patients represent 


TABLE 4 


Tabulation of findings in 1694 specimens with rare tubercle bacilli by the dilution-flotation 
picric acid method 


BACILLI FOUND IN 10- or 15-MIN. SEARCH 


101 to 200 


51 to 100 


16 to 50 


1 to 15 


Number of examinations; patients always posi- 


Number of examinations; patients intermittent. . 


151 
145 


118 
151 


144 
248 


153 
584 


the early and advanced stages of the disease. Bacilli found in number 
to the extent of 101 to 200 per 10 to 15 minutes’ search may or may not be 
found by the Ziehl-Neelsen; any number less than that would almost 
certainly not be found. Crediting the Ziehl-Neelsen with all positive 
results in the first column, there remain over 1,400 examinations which 
would have been negative by that method. 


SUMMARY AND CONCLUSIONS 


Picric acid as a counterstain in preparations of rare tubercle bacilli 
yields over 5 times the number obtained by methylene-blue. The latter 
in the concentration usually employed should be discarded for this 
purpose. 

The dilution-flotation method followed by picric acid as a counterstain 
gives an average of over 60 times as many bacilli as can be found in 
direct smears from most likely particles, counterstained with methylene- 
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blue, and from 150 to 250 times as many in homogenized materials. 
The method detects as few as 1,000 tubercle bacilli present in many 24- 
hour sputa, thus limiting materially the use of the more time-consuming 
methods of culture and pig. Urgent reports may be made within two 
hours after the receipt of material. 

In view of the demonstration of perfect acid-fast rods in many speci- 
mens wholly negative by the Ziehl-Neelsen method, it may be necessary 
to revise the prevalent opinion that failure to find bacilli is due to the 
presence of other pleomorphic forms, to the exclusion of acid-fast rods. 
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A POTATO-EGG MEDIUM FOR THE ISOLATION OF 
TUBERCLE BACILLI? 


J. STANLEY WOOLLEY anp FRANK G. PETRIK 


Since the discovery by Koch of the causative agent of tuberculosis, 
the demonstration of the tubercle bacillus in sputum or other material 
from suspected cases of the disease has been of primary importance. On 
account of its simplicity and ease of application the microscopic examina- 
tion of the stained smear is still the most widely used method. Even 
with improved methods of preparation such as concentration of the 
material to be examined, the microscope often fails when the bacilli are 
few in numbers. This is obvious, for at least several thousand bacilli 
per cubic centimetre must be present for a sputum specimen to be micro- 
scopically positive. Some authors even state the number to be nearer 
100,000. 

To supplement the microscopic method, the material to be examined 
can be cultured or inoculated. In the past guinea-pig inoculation has 
proved more sensitive and reliable, but not widely applicable. Of late 
the culture method for demonstrating bacilli has come into vogue, the 
result of newer methods of preparation of material and improved media. 
In fact Corper (1) has recently stated that his method and medium, in 
comparative tests with sputum, urine, and animal tissues, have proved 
to be equal in efficiency to guinea-pig inoculation for the isolation and 
detection of small numbers of tubercle bacilli in contaminated material. 
In conjunction with Uyei (2), he has called renewed attention to the re- 
markable property, possessed by the potato, of stimulating the growth 
of tubercle bacilli. With Uyei he described several potato media, especi- 
ally stressing the cylinder form. This medium was first described by 
Pawlowsky (3) in 1888 and has had wide usage. Calmette’s potato-bile 
medium is a variation of it. Corper and Uyei have slightly modified 
Pawlowsky’s potato-cylinder medium by the addition of crystal-violet. 


1 From the Babbitt Memorial Laboratory, Loomis Sanatorium, Loomis, New York. 
? Read in part at the twenty-seventh annual meeting of the National Tuberculosis Asso- 
ciation, Syracuse, New York, May 13, 1931. 
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They use this medium with their special technique for digesting or pre- 
paring the material to be cultured. 

Egg alone, or in combination with some other nutrient material, has 
long been a useful medium for growing stock cultures of tubercle bacilli. 
To Dorset (4) belongs the credit for calling attention to this material. 
His medium is essentially inspissated whole egg. Lubenau (5) in 1907 
modified Dorset’s medium by the addition of glycerinated broth, utilizing 
the well-recognized stimulating value of glycerine. Since then a variety 
of egg combinations have been described. 

None of these early media was ordinarily employed for the isolation 
of bacilli from contaminated material on account of the growth of second- 
ary microérganisms. However, this difficulty has been largely overcome 
by treating the inoculum with some agent more or less destructive to the 
contaminating organisms and affording the least injury to the tubercle 
bacillus. Among such agents are antiformin, weak sodium-hydroxide 
solutions and dilute sulphuric acid. As a further precaution bacterio- 
static dyes have been incorporated in the medium, a method described 
by Petroff (6) in 1915, who combined gentian-violet with his egg- 
meat-infusion medium. 

The medium to be described was devised by one of us (F. G. P.) nearly 
two years ago. Stimulated by Corper’s success with the potato, the 
combination of potato with egg was investigated, with results to be noted 
below. The new medium represents an attempt to utilize and combine 
some of the desirable qualities of other media. It may resemble some- 
what the potato-egg medium mentioned by Petroff (but not described) 
in the Transactions of the National Tuberculosis Association for 1913. It 
is similar to Lubenau’s or Petroff’s egg media, but utilizes the extract of 
autoclaved whole potato instead of meat-broth or meat-infusion. It 
contains crystal-violet instead of gentian-violet, the former being a 
purer product. 

Recently the growth-promoting influence of certain vegetable extracts 
has been investigated. Uyei (7) found that vitamine B or vitamine-B- 
like substances would promote the growth of tubercle bacilli. Thomp- 
son (8), working with organisms other than the tubercle bacillus, found 
potato-extract superior to radish, carrot, spinach and beef-heart extracts 
in growth-promoting power. Uyei (9) has attempted to determine 
what radicle or radicles constitute the growth-promoting principle of the 
potato for tubercle bacilli. He found the starch radicle to be the most 
effective growth-promoter. Wheat-starch and rice-starch had practi- 
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cally the same stimulating effect. Pure soluble starch also exerted a 
pronounced stimulating effect, and it is probable that the soluble, and 
not the insoluble, form is the main stimulating agent. Plain starch is 
converted into the soluble form by heating. Uyei also found the dextrin 
radicle to have a very definite growth-promoting value, but to be in- 
ferior to soluble starch in this respect. Maltose, glucose and inosite 
were found to play a minor part. The stimulation of growth produced 
by the best of the potato fractions failed to equal the action of the whole 
potato. Whether various combinations of fractions will produce stimu- 
lation of growth equal to that obtained with the potato or whether the 
potato contains still another active principle was not determined. 

A batch of potato extract, such as is used in our medium, was frac- 
tionated with alcohol and ether. Four fractions were obtained: (1) 
starch, (2) dextrin, (3) a small amount of oily material and (4) the filtrate 
residue. The starch and dextrin fractions, when added separately to 
egg, gave culture results inferior to the potato-egg medium, but superior 
to glycerinated egg. The other two fractions were found to have little 
growth-promoting value. 

In 1903 Bezangon and Griffon (5) obtained a good medium for grow- 
ing tubercle bacilli by adding egg-yolk to glycerinated agar. Recently 
Herrold (10) has studied the effect of egg-white, egg-yolk and whole egg 
when added to agar. He found that a recently isolated strain of tubercle 
bacilli grew well on egg-yolk-agar, slightly less well on whole-egg-agar, 
and not at all on egg-white-agar. This author considers egg-white to be 
bacteriostatic and that whole egg serves as a satisfactory enrichment 
medium mainly because of the yolk. We have also obtained better 
growth on egg-yolk-agar than on whole-egg-agar. It is possible that 
the egg-white serves merely as a base and is an inert substance like agar. 


PREPARATION OF POTATO-EGG MEDIUM 


All glassware is sterilized in the autoclave; also egg-beater, potato- 
masher, etc. Eggs should be soaked in alcohol (70 per cent). The cul- 
ture tubes, 6 x ? inches, are stoppered with a no. 8 long cork-stopper and 
heated in a hot-air oven at 275°F. for one and one-half hours. The use 
of the cork-stopper helps to retain the moisture during sterilization and 
later. It also facilitates the seeding of the tubes as the stoppers can be 
easily withdrawn. 

Autoclave medium-sized unpeeled potatoes for 30 minutes at 15 lbs. 
pressure. Peel, and after thorough mashing, suspend in 15 per cent 
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glycerol-water, in the proportion of 500 gm. of original potato to 500 cc. 
of 15 per cent glycerine. Heat in a boiling water-bath for 30 minutes, 
stirring occasionally. Strain through two layers of surgical gauze by 
compression into a flask and then boil filtrate for about five minutes. 
Cool and add one part of filtrate to two parts of well-beaten whole fresh 
egg. Add sufficient 1 per cent crystal-violet to make a concentration of 
1 to 30,000. Stir thoroughly, to distribute the dye evenly throughout 
the mixture. Pour the mixture through one layer of sterile gauze into a 
tubing funnel and add approximately 7-8 cc. of medium to each tube. 
Sterilize in the inspissator at the proper slant for one-half hour’ at 85°C. 
on the first day, and at 75° on the second day. Bring inspissator up to 
required temperature before introducing tubes. By omitting the crystal- 
violet an excellent medium is obtained for growing stock cultures of 
tubercle bacilli. Incubate the tubes to test for sterility. Tubes must 
be stored, seeded, and incubated in an upright position to keep the sur- 
face of the medium dry. 


METHODS 


The medium was tried out against Petroff’s gentian-violet-meat-egg 
medium and Corper and Uyei’s potato-cylinder medium, made according 
to the latest specifications of the originators. The concentration of the 
gentian-violet in Petroff’s medium was 1-30,000. 

Sputa were used entirely as the test-agents, thus demonstrating the 
practical value of the media for isolating ‘“‘wild” strains of tubercle bacilli. 
The unusual laboratory strains of tubercle bacilli, accustomed to grow on 
artificial media, offer no fair test, for these are “‘captive”’ bacilli and ac- 
quainted with life im vitro. Tubercle bacilli will grow well on almost any 
of the standard media when seeded in profusion, but for diagnostic isola- 
tion a medium is needed which will grow bacilli not only when present in 
large but also in small numbers. Sputa with a minimum number of 
bacilli present were the culture material. Only a very few of these 
sputa showed an occasional bacillus microscopically (on concentration) ; 
the remainder were negative when thus examined, but had been positive 
within the year previous. It was realized that some of the microscopic- 
ally negative sputa might have become completely or entirely negative 
during this period with the guinea pig as the arbiter, but there was no 
way of readily detecting these. From our tables it will be seen that 
they represented approximately one-fourth of the number. 

Sputa were prepared for culture and inoculation by digestion for 45 
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minutes with 4 per cent sodium hydroxide (Petroff (6)), or 30 minutes 
with 6 per cent sulphuric acid (Corper (1):). The former yielded a 
more workable sediment; the latter, slightly fewer contaminations. It 
was also necessary to include the acid-digestion method in the tests, so 
that the medium could be evaluated against the “sulphuric-acid-potato 
method.”’ Sputa should be collected in sterile wide-mouth 4-ounce 
bottles and usually 25-30 cc. suffices. The sterilization of the container 
before use helps to eliminate many spores and moulds that are so resist- 
ant to any treatment. 

In the sodium-hydroxide method the sputum is digested with 4 per 
cent NaOH (equal parts and well shaken) for 45 minutes in the incubator 
at 38°C. One to two drops of phenolphthalein (3 per cent in 50 per cent 
alcohol) are then added, and the reaction is adjusted to a faint pink with 
normal sulphuric acid. The diluted sputum is now centrifugated in 
50- or 100-cc. sterile tubes for 20 minutes at high speed, using a sterile 
rubber cap to cover the tube. The supernatant fluid is poured off and 
the sediment utilized. 

The Corper method for treating sputum is as follows: One cubic 
centimetre of sputum is beaten into a homogeneous pulp and introduced 
into a sterile 15-cc. centrifuge tube with 1 cc. of “6 per cent sulphuric 
acid” (prepared by adding 17 cc. of sulphuric acid, specific gravity 1.84, 
to distilled water of 500 cc. final volume). After thorough mixing the 
tube is stoppered with a sterile cork and incubated at 37°C. for 30 min- 
utes. During this period it is occasionally shaken. The contents are 
then diluted with about 10 cc. of sterile physiological sodium-chloride 
solution, well mixed and centrifugated. The supernatant fluid is de- 
canted, and the residue cultured or inoculated without further treatment. 

In our acid-treated series larger amounts of sputum were ordinarily 
employed up to the capacity of our glassware. Thus for a 50-cc. centri- 
fuge tube 3 to 4 cc. of sputum can be treated, using the acid and the 
salt solution in the same proportions as for the 1-cc. amount. The 
Corper method reduces the acidity of the sediment by dilution, but on 
account of the large final volume attained, it is not as convenient as the 
sodium-hydroxide method for treating large amounts of sputum. 

At least 5 tubes were cultured to allow for contaminations. The sur- 
face of the medium should be dry and the inoculum spread thinly. Two 
small loopfuls or one large loopful was the amount ordinarily used. The 
tubes were kept upright to prevent the water of condensation from wet- 
ting the surface of the slant. Tubercle bacilli will not growif the surface 
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is wet. With the use of the cork-stopper, evaporation is prevented and 
the atmospheric moisture within the tubes remains fairly constant. 
Tubes will not become dry even after three months’ incubation, if the 
cork-stoppers fit properly. 

The earliest growth obtained on the potato-egg medium with sputum 
was in 11 days, the mean being 21 days. The latest growth appeared in 
56 days. 

Fewer contaminations were obtained with the sulphuric-acid technique 
(13 per cent) than with the sodium-hydroxide method (18 per cent), but 
the difference is not great. On the other hand, some comparative tests, 
previously done, have convinced us that more colonies are obtained with 
alkaline than with acid digestion. In no instance were all of one set of 
5 tubes contaminated. 

The guinea pigs were tuberculin-tested every week, beginning two 
weeks after inoculation, and were killed as soon as they gave a definite 
reaction to 5 per cent intracutaneous O. T. The majority of the guinea 
pigs were positive for tuberculosis in 30 days. The earliest positive was 
obtained in 18 days and the latest in 68 days. Tubercle bacilli were 
demonstrated in the lymph nodes or organs of every tuberculin-positive 
guinea pig killed. In fact, no animal was called positive unless this 
requirement was met postmortem. If lymph-node puncture and stain- 
ing of aspirated material had been done, some of the animals would have 
been positive earlier. It is interesting to note that none of the animals 
reported in this experiment suffered from, or died of, intercurrent 
infection. 


RESULTS 


The comparative results are reported in tabular form. All sputa in 
table 1 underwent alkaline digestion. All animals were inoculated in 
the groin. In group 1 the animals received only one-fifth as much as 
the culture tubes, which accounts for the slight superiority of the cultures. 
Group 2 represents the routine treatment of sputum in which cultures 
are first made and the balance of the digestant inoculated. The animals 
received in most instances many times the amount cultured, and this is 
reflected in the higher percentage of positives. The ability of the animal 
to receive large amounts of material has made inoculation the method 
of choice in the past. i 

In table 2 all sputa underwent acid digestion after the method of 
Corper, a situation supposedly more favorable for the potato-cylinder 
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TABLE 1 


Alkaline digestion 


NUMBER OF SPUTA 


FIVE TUBES FOR EACH SPUTUM, TWO 
LOOPFULS ON EACH 


GUINEA PIGS; ONE ANIMAL INOCULATED 
FOR EACH SPUTUM 


Potato-cylinder 
medium 
(Corper and Uyei) 


Potato-egg medium 


(Petrik) 


Two loopfuls 


Many loopfuls 


Group 1 
10 


Group 2 
56 


Positive 
50 per cent 


Positive 
37 per cent 


Positive 
60 per cent 


Positive 
57 per cent 


Positive 
50 per cent 


Positive 
82 per cent 


TABLE 2 


Acid digestion 


NUMBER OF SPUTA 


FIVE TUBES FOR EACH SPUTUM, TWO LOOPFULS ON EACH 


Potato-cylinder 
medium 
(Corper and Uyei) 


Meat-egg medium 
(Petroff) 


Potato-egg medium 
(Petrik) 


TEN LOOPFULS OF 
EACH SPUTUM PER 
ANIMAL 


Group 3 
30 


Group 4 
20 


Positive 
40 per cent 


Positive 


50 per cent 


Positive 
45 per cent 


Positive 
56 per cent 


Positive 
70 per cent 


Positive 
76 per cent 


Positive 
75 per cent 


TABLE 3 


Alkaline digestion 


POTATO-EGG MEDIUM (PETRIK), 20 TUBES FOR EACH SPUTUM 


GUINEA PIGS, 


SPUTUM NUMBER 


First set of five 


Second set of 


ve 


Third set of five 


Fourth set of 
five 


MANY LOOPFULS 


SCO WD 


+1 
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medium, as sulphuric-acid digestion is a part of the Corper culture 
technique. However, this proved not to be the case, for in table 1 the 
difference between the average percentage of positives was 18 in favor 
of the potato-egg medium and in table 2 (acid digestion) it was 19,—a 
close agreement. Thus the superiority of the potato-egg medium over 
the other is seen to be quite constant, irrespective of the method used in 
preparing the material for seeding. In table 2 the potato-cylinder 
medium gave slightly better results than the meat-egg medium (Petroff’s). 
The guinea pig received the same amount of sputum as the tubes and 
continued to yield more positives, although with potato-egg the group 
4 almost equalled the guinea pig. 

In table 3 an attempt was made on a small scale to determine how 
many culture tubes, up to 2, would be necessary to equal the animal 
under routine laboratory conditions, that is, when the animal received 
all of the sediment available. Thus 20 tubes were inoculated against 
every animal. All sputa had alkaline digestion. From the table it 
can be seen that sputa 5, 8 and 11 required at least the full set of 20 tubes 
to produce colonies and in no. 8 one might have had to culture many 
more tubes before obtaining another growth, in view of the fact that the 
animal was negative. This experiment is being enlarged and continued. 


SUMMARY 


1. A solid medium for isolating tubercle bacilli from contaminated 
material is described. ‘This medium is essentially glycerinated potato- 
extract in an egg base. In it the growth-promoting qualities of the 
potato and the nutrient value of egg (yolk) are utilized. 

2. In a series of comparative tests, with over 100 sputa, the potato-egg 
medium gave a much higher percentage of isolations of tubercle bacilli 
than the potato-cylinder medium described by Corper. It also yielded 
results superior to those of Petroff’s meat-egg medium. 

3. It gave similar results with either alkaline- or acid-treated sputums, 
but the alkaline method of digestion is preferred. 

4. An incomplete study indicates that it is necessary to seed at least 
20 tubes of this medium to equal guinea-pig inoculation when the animal 
receives considerable amounts of material. However, positive results 
can be determined more readily and earlier by the culture method than 
by inoculation. 
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THE BRONCHOSCOPIC TREATMENT OF BRONCHIEC- 
TASIS AND LUNG ABSCESS! 


LOUIS H. CLERF? 


In the bronchoscopic treatment of pulmonary abscess and bronchiec- 
tasis one is confronted with two totally different problems. In abscess 
of the lung, prompt recovery will usually occur if adequate drainage is 
secured and maintained, whereas in bronchiectasis drainage is but one of 
several factors involved in securing relief. 
Pulmonary Abscess: When an abscess has spontaneously ruptured 
into a bronchus it will go on to recovery if drainage and ventilation are 
maintained. With persistence of fever, retention of pus in the abscess 
cavity and the occurrence of secondary bacterial invasion, it is very 
probable that in such a case the abscess will become chronic. On review- 
ing the histories of cases of chronic pulmonary abscess one finds that 
periods of fever with decreased expectoration, usually of brief duration, 
followed by a temporary increase in expectoration and normal tempera- 
ture arecommon. ‘These are the result of interference with drainage and 
may be caused by thick, inspissated secretion, granulation tissue, in- 
flammatory exudate or masses of necrotic tissue blocking the draining 
bronchus. These episodes are commonly associated with an increase in 
the inflammatory changes about the abscess cavity, particularly about 
its communication with the bronchus and this, in turn, increases the 
tendency for recurrence of blocks in drainage so that a “vicious circle”’ is 
established. 
It is in these cases that bronchoscopy is particularly indicated, for by 
this method of treatment the mechanical factors producing obstruction 
can be corrected. It would seem improbable that simple medical meas- ‘ 
ures would be adequate to overcome the mechanical blocking of a 
bronchus produced by granulation tissue, inflammatory exudate or 
inspissated secretion; it would also seem unnecessary to subject such a 


1 Presented at a Symposium on Bronchiectasis and Lung Abscess before the Clinical Section 
at the twenty-seventh annual meeting of the National Tuberculosis Association, Syracuse, 
New York, May 12, 1931. 

2 The Jefferson Hospital, Philadelphia, Pennsylvania. 
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case to external operation unless bronchoscopy failed to remove the 
obstruction to drainage. 

There is another phase of this problem that is of importance from a 
bronchoscopic standpoint. Surgical operations, particularly tonsillec- 
tomy and oral operations, figure prominently in the aetiology. In a 
series of 172 cases of abscess of the lung (1) seventy per cent followed 
operative procedures. Tonsillectomy and oral operations constituted 


= JEFFERSON HOSPITAL 


4 


Fic. 1. Abscess of lung, right upper lobe, complicating pneumonia, occurred in the case 
of a boy aged12 years. Patient was admitted to the Bronchoscopic Clinic, Jefferson Hospital, 
three weeks after onset of illness (A). He was very ill with fever, varying from normal to 
105.2 degrees. For several days prior to admission the temperature had been 105.8 degrees. 
Patient was examined by Dr. E. H. Funk and bronchoscopy was recommended. Orifice of 
right upper-lobe bronchus was found almost completely occluded by thick pus and inflamed 
mucosa (B). Temperature became subnormal after bronchoscopy, with slight recrudesence 
on the following day. Bronchoscopy was repeated in 48 hours (B). Patient made a prompt 
recovery with no recurrence of infection. (Roentgen study by Dr. W. F. Manges.) 


62 per cent of all the cases. If aspiration is a consideration in the aetiol- 
ogy of abscess, bronchoscopy should be of aid in the early treatment. 

It would seem unnecessary to discuss the technical aspects of broncho- 
scopy in the treatment of pulmonary suppuration. In the hands of 
properly trained operators bronchoscopy is a safe procedure and should 
not require general anaesthesia. Emphasis should be placed on the 
importance of bronchoscopy in securing uncontaminated secretions from 
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the abscess cavity for bacteriological study; also its value for purposes of 
diagnosis and localization in obscure cases. 

How early should bronchoscopy be instituted in the treatment of 
pulmonary abscess? Assuming that the principal reason for the prompt 
and early recovery, under simple hygienic treatment, of a certain number 
of cases of pulmonary abscess is spontaneous evacuation of the abscess 
with free drainage and ventilation, one may also assume that, if drainage 
is interfered with, the prompt employment of simple measures for its 
reéstablishment are indicated. Additional evidence favoring early 
bronchoscopic aspiration in pulmonary abscess was furnished in a report 
covering a series of 58 cases of abscess following tonsillectomy (2). Of 
these, 24 were treated within three months after the onset of symptoms. 
Nineteen (79 per cent) cases of this group were discharged as well and 
the average number of aspirations carried out in these was 7.5. It is 
true that certain of the patients would have recovered without broncho- 
scopy, but unquestionably bronchoscopic aspiration greatly shortened 
the duration of the disease and avoided chronicity in many. 

Pulmonary abscess is a serious condition, and I would be inclined to 
recommend the early employment of any measure that might aid in the 
patient’s recovery provided it could be safely applied (figure 1). One 
cannot be sympathetic with prolonged delay simply to see what will 
happen to the patient. A review of the end-results secured in the treat- 
ment of chronic pulmonary abscess should be convincing. 

Often, there arises a question as to the advisability of doing a broncho- 
scopy before an abscess has ruptured into a bronchus or in the presence 
of high fever. If this is the result of an acute diffuse pneumonitis, bron- 
choscopy probably is contraindicated. If the process has localized, 
bronchoscopy is definitely indicated even before there is evidence of the 
formation of an abscess. The results secured by one bronchoscopy in 
this so called ‘‘pre-abscess’’ period have been so spectacular in a consid- 
erable number of cases that I believe its use is justified. (Figure 2.) 

In cases of long duration, fairly satisfactory results have been secured 
by bronchoscopic aspiration. These cases should be very carefully 
studied and, unless the response to bronchoscopy is prompt, surgical 
treatment should be recommended. In certain instances the broncho- 
scopist can aid the surgeon in localization of the abscess. In all cases 
for surgical drainage a diagnostic bronchoscopy should be performed to 
exclude new growth, cicatricial strictures of the bronchus or other con- 
ditions which would interfere with securing a good surgical result. 
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Bronchiectasis: The bronchoscopic aspects in bronchiectasis differ 
widely from those noted under pulmonary abscess. The first and most 
important consideration is to ascertain if the bronchiectasis is obstructive 
yr nonobstructive. This information should be secured, regardless of 
the method of treatment to be employed. In this connection, it is 
important to recall that obstruction of a bronchus, irrespective of its 
character, will sooner or later be followed by bronchiectasis. This occurs 
more promptly in complete than in partial obstruction. It is unques- 
tionably the result of retention of secretions, secondary bacterial infec- 
tion, with involvement of the bronchial wall and ultimate pulmonary 
fibrosis. 

If due to obstruction, the bronchiectasis can often be successfully 
treated by bronchoscopy. When the cause can be removed, the symp- 
toms very commonly clear up promptly, although the bronchial dilatation 
will remain unchanged. This has repeatedly been observed in foreign 
body in the bronchus, also in benign neoplasms, broncholithiasis and 
strictures of the bronchus. (Figure 3.) 

In monolobar bronchiectasis where no obstruction is present and in 
bilateral involvement, bronchoscopy in adults is largely a palliative 
measure, being an aid to the surgeon or the internist. Repeated aspira- 
tions together with endobronchial medication will aid in decreasing the 
quantity of pus, relieve the stagnation and foetor, improve the condition 
of the bronchial mucosa, thereby aiding the activity of the cilia and in- 
creasing the effectiveness of postural drainage. Aid may also be given 
the surgeon to more carefully determine the extent of involvement, with 
or without the accurate placement of radiopaque substances; also in 
assisting surgical cases to get rid of accumulated bronchial secretions. 

Bronchiectasis in Children: The most satisfactory results in the bron- 
choscopic treatment of bronchiectasis can be secured in children. It is 
imperative in all cases, particularly if the involvement is bilateral, to 
have a careful examination made of the nasal accessory sinuses. The 
occurrence of nasal-sinus infection in bilateral bronchiectasis is so com- 
monly observed that I prefer to consider it as being present, until proved 
negative by the rhinologist. 

While no adequate explanation can be ascribed to the very common 
association of sinus infection with bilateral lower-lobe bronchiectasis and 
its relatively infrequent occurrence in monolobar bronchiectasis, the 
fact remains this coexistence has been so frequently observed that it 
cannot be regarded asa coincidence. It is a well-known clinical observa- 
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tion that patients, particularly children, with sinus infection often present 
physical signs of a mild bronchial infection with persistent cough. Com- 


Fic. 3. Pneumonogram made following the bronchoscopic instillation of iodized oil, 40 
per cent, into the middle-lobe bronchus in the case of a man, aged 30 years. The patient’s 
complaints were cough and expectoration over a period of 18 months and were becoming 
progressively worse. The physical signs were limited to the right lower chest, anteriorly. 
Numerous diagnoses had been made but no relief was afforded by treatment. Bronchoscopy 
was done. A papillary growth was found occluding the orifice of the middle-lobe bronchus. 
Dr. B. L. Crawford reported the growth as papilloma. A roentgen diagnosis of bronchiectasis 
was made following the instillation of iodized oil. Repeated bronchoscopic removal of the 
growth effected acure. Following this the cough and expectoration of pus rapidly decreased; 
the patient was free from symptoms within two months although the bronchial dilatations 
persisted. (Roentgen study by Dr. W. F. Manges.) 


plete relief of these is commonly noted after appropriate nasal treatment. 
These patients are also peculiarly susceptible to repeated ‘‘chest colds” 
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which are often diagnosed as pneumonia. The occurrence of several 
attacks of ‘‘so called pneumonia” should be regarded with suspicion. 

I believe that nasal-sinus infection should be considered a very im- 
portant predisposing cause in the production of bronchiectasis. This 
predisposition is brought about by enlargement of the peritracheal and 
peritracheobronchial lymph nodes which interfere with the normal 
motility of the tracheobronchial tree, and the occurrence of a low-grade 
inflammatory reaction of the larynx, trachea and bronchi which is pro- 
ductive of increased mucoid secretion and interference with ciliary ac- 
tivity. These factors, together with the susceptibility of the patient to 
“head colds,” increases the frequency of acute bronchopulmonary infec- 
tions, which, in turn, are responsible for the bronchiectasis. For this 
reason, one must combine appropriate nasal treatment and dietetic and 
general hygienic measures with bronchoscopic aspiration. Many of 
these patients have been under observation for several years and now are 
symptom-free although the bronchial dilatations persist. To the bron- 
choscopist, bronchiectasis occurring in children offers more promise for 
improvement than that in adults. 

The importance of close codperation with the internist, surgeon and 
roentgenologist, careful bacteriological studies of bronchoscopically re- 
moved specimens of pus, the question of spirochaetes and vibrios, and 
the use of arsenicals are fully appreciated. The discussion of these 
matters, having been assigned to others, was omitted in this paper. 


ES 


CONCLUSIONS 


In the treatment of pulmonary abscess, bronchoscopy should be con- 
sidered a part of the conservative plan of treatment if there is evidence 
of interference with drainage. 
Every case of unilateral bronchiectasis should have the advantage of 
diagnostic bronchoscopy to rule out possible endobronchial lesions. This 
is particularly important if surgical treatment is contemplated. 7 
In bilateral bronchiectasis occurring in adults, bronchoscopy is an aid at 
to the internist and its benefits are temporary; in children, bronchoscopy 
combined with other appropriate measures is often followed by excellent 
results. 
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THE SURGICAL TREATMENT OF BRONCHIECTASIS 
AND LUNG ABSCESS! 


STUART W. HARRINGTON? 


Pyogenic suppurative disease of the lungs is usually progressive, and 
the pathological changes in the progress of the disease are varied. The 
rapidity with which such changes take place depends on the source, type 
and virulence of the infecting organism, and the resistance of the tissues 
to the bacterial invasion. The diagnostic terms to designate the extent 
and character of the lesion depend on the pathological manifestations 
at the time of examination. The term bronchiectasis may be used to 
indicate more or less diffuse involvement of the parenchyma of the lung, 
in which the infection is chiefly confined to the bronchi. Abscess of the 
lung indicates a more localized type of infection, and more pulmonary 
parenchyma is involved than bronchi. It is difficult to draw a sharp 
line between these two conditions, as it is rare for either lesion to exist 
as a distinct, uncomplicated entity. 

The aetiology, duration and course of the disease, and the roentgenolog- 
ical and bronchoscopic data are of paramount significance in the clinical 
recognition of the different types of disease, and in the treatment to be 
instituted. 

The most common causes of pulmonary suppuration are (1) pulmonary 
infection, usually following streptococcal bronchopneumonia, and rarely 
following pneumococcal pneumonia (repeated pulmonary infection of 
any type often results in chronic pulmonary diseases); (2) aspiration 
type of pneumonia resulting from inhalation of a foreign body or of 
septic material during the course of operative procedures on the upper 
respiratory tract (the most common of these operations is tonsillectomy 
under general anaesthesia); and (3) septic emboli which may occur 
following any operative procedure, or spontaneously. 

The onset and course of the disease is often helpful in determining the 
type of infection and urgency of treatment. Cases in which the onset is 

1 Presented before the Clinical Section at the twenty-seventh annual meeting of the Na- 


tional Tuberculosis Association, Syracuse, New York, May 12, 1931. 
2 Section on Thoracic Surgery, The Mayo Clinic, Rochester, Minnesota. 
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acute and the symptoms progressive with little, if any, abatement are 
usually of multilocular bronchiectatic type which follows aspiration of 
infected material. In such cases treatment should be instituted early, 
since spontaneous healing rarely occurs and if effectual treatment is not 
established early the condition usually becomes chronic, and will require 
more radical procedures. In cases in which the course of the disease is 
intermittent there is partial drainage of the infected area through the 
bronchi, and the urgency of radical treatment is not so great. 

Roentgenological examination is of great value in determining the 
presence and type of the lesion. In many cases of bronchiectasis the 
roentgenogram may give negative evidence, and in some of the early 
cases there is only slight linear marking, which may be obscured by the 
shadow of the heart when the disease is on the left side. The more ad- 
vanced cases of bronchiectasis present discrete or coalescing pockets in 
the parenchyma of the lung with considerable opacity in the clear field, 
which often extends to the periphery of the lung, and may include one or 
more of its lobes. Thestereoscopic, and lateral and horizontal roentgeno- 
grams are of paramount importance in localizing a diseased area. 

Bronchoscopic examinations should be made in all cases in which 
operation is contemplated, unless there is some definite contraindication. 
The examiner should be skilled in the technical use of the bronchoscope, 
which, if used under these conditions, gives the most accurate knowledge 
as to the extent and type of infection present. In many cases it is the , 
only method by which the cause of the disease can be determined, such 
as carcinoma of the bronchus or foreign material in the bronchus, which 
is not shown by the roentgen-ray. In cases of foreign body, broncho- 
scopic removal of the material often results in complete healing. It is of 
great aid in cases in which the diagnosis remains obscure, and particu- 
larly in cases in which there is any possibility of bilateral disease and 
operation is being considered. I do not think it advisable to perform 
any operation on the lung for a week or ten days after the bronchoscopic 
examination has been made, if it can possibly be delayed. 

All patients suffering from pulmonary suppuration require medical 
treatment, and many require surgical treatment. The most suitable 
type of treatment depends on the indications manifested in the individual 
case. It is often difficult to interpret observations in terms of therapeu- 
tic requirements. The effectiveness of treatment to be instituted de- 
pends on early diagnosis and accuracy of the localization of the lesion. 
I believe that such patients are most advantageously treated and the 
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best results are obtained when the treatment is under the closest codpera- 
tion of internist and surgeon who have had special training in the diag- 
nosis and treatment of thoracic disease; both should be either thoroughly 
familiar with bronchoscopic technique and roentgen-ray interpretation, 
or they should be allied with experts in these fields. ° 

I do not believe a definite distinction should be drawn between medical 
and surgical patients in hospitals; they should be cared for on a combined 
service and therapeutic indications should be dealt with as they arise. 
Most patients are very ill and require medical treatment, which may 
effect cure in many of the acute cases. Usually the disease progresses 
but remains so localized that surgical intervention will assist in attaining 
cure or marked improvement. A certain percentage of cases will not 
respond to either form of treatment. 

As a rule, patients with acute infection of the lung are under medical 
treatment from the onset; usually they are afflicted with a complication 
of a specific pulmonary disease or of a postoperative condition, and many 
patients are completely cured without resort to operation. Many acute 
abscesses of the lung rupture spontaneously into the bronchus and heal 
completely, provided adequate drainage is obtained. Drainage through 
the natural outlet of the lungs is often greatly aided by placing the pa- 
tient in a position to include the influence of gravity. The most effective 
posture differs in individual cases but the position commonly employed 
is one in which the head and body are declined at an angle of 45° and 
slightly rotated to the sound side. This is best accomplished by the use 
of an adjustable table. A discarded operating table has proved satis- 
factory. Postural drainage is ordinarily instituted two or three times a 
day, avoiding proximity to mealtime, but the patient’s condition must 
be the final arbiter. Bronchoscopic lavage is also often of great assist- 
ance in facilitating drainage, particularly of cavities centrally situated, 
and frequently postural drainage is more efficient following bronchoscopic 
lavage. Salvarsan is of great benefit in many cases in eradicating the 
saprophytic organisms which are associated with these infections. 

There is no accurate method of determining the number of patients 
who respond to conservative measures but it is generally believed to be 
more than 50 per cent. In the remaining 50 per cent it is important to 
recognize any surgical indications before the disease becomes progres- 
sively worse. It is doubtful whether conservative measures should be 
continued for more than six or eight weeks if there has not been a gradual 
marked improvement, as in many cases early surgical treatment will save 
the patient from extensive chronic pulmonary disease. 
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The surgical indications in many types of infection of the lung are not 
definitely established, but in abscess of the lung the same general principle 
applies as in abscess elsewhere in the body, that is, adequate and con- 
tinued drainage until nature has restored or repaired the diseased tissue. 
The abscesses that are least likely to drain spontaneously through the 
bronchus are of the peripheral type, which fortunately are the most 
accessible and favorable for surgical drainage, and their treatment is 
accompanied by the least operative risk. Often nature has formed ad- 
hesions between the visceral and parietal pleura, and drainage can be 
accomplished by a one-stage operation. Extreme care should be exer- 
cised in locating the lesion and determining its relation to the wall of the 
thorax so as to guide the external approach. After resection of the ribs 
over the diseased area the presence or absence.of adhesions is definitely 
determined and the lung is explored with an aspirating needle. If the 
abscess is found to be superficial, the needle is left in place, the pleura and 
wall of the abscess are incised with a knife and the diseased area or cavity 
is explored, after which the infected tissue may be destroyed by electro- 
cautery. If the abscess is deeply situated, it is best to drain it primarily 
with the cautery as this walls off the intervening tissue from the draining 
pus. In some cases in which there is considerable pneumonitis around 
the abscess, and in cases of the multilocular bronchiectatic type it is 
necessary to perform partial pneumonectomy in order to obtain suff- 
cient drainage. 

The most deeply seated abscesses are less likely to produce adhesions 
between the layers of the overlying pleura and may require a two-stage 
operation. The first stage is directed at the walling off of the pleural 
cavity by creating adhesions; this can be accomplished either by packing 
gauze against the parietal and visceral pleura, by applying iodine to the 
visceral pleura, or by suturing the visceral and parietal pleurae over the 
diseased area. In the last method great care must be exercised in sutur- 
ing the visceral pleura not to penetrate the parenchyma of the lung, be- 
cause, if the infection is superficial, purulent contamination of the wound 
will not only defeat the purpose of the operation but may produce acute 
empyema and endanger the patient’s life. The second stage can follow in 
from seven to ten days, when the abscess cavity should be located with an 
aspirating needle and drained by puncturing with the electric cautery. 

In a few cases a peripheral abscess may rupture into the pleural cavity 
and cause localized or diffuse empyema. In such cases I treated the 
empyema first, by the closed method of drainage, and by irrigation with 
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physiological sodium-chloride solution if the bronchial fistula persists. 
The abscess may heal spontaneously if drainage into the pleural cavity 
has been adequate, but in most cases a second open operation is necessary 
to remove the diseased tissue and to assist in obliteration of the bronchial 
fistula and the residual empyema cavity. 

In cases of central abscess, the surgical indications are not so definite. 
Surgical drainage is often difficult and attended by a high mortality. 
Artificial pneumothorax should be tried if the abscess communicates 
with a bronchus; it will often afford cure if performed early before there 
is marked fibrosis and thickening of the wall of the abscess cavity. When 
the lung is collapsed early in the disease, this operation aids the drainage 
through the bronchus and also helps to approximate the walls of the 
abscess. Healing is thus facilitated and complete cure may result. 

The greatest difficulties in diagnosis are encountered in the bronchiec- 
tatic types of pulmonary infection, and the indications for treatment are 
less definitely established. ‘There is much difference of opinion as to the 
surgical indications and the surgical procedures. However, the cardinal 
principles of surgical judgment are the same as for serious disease else- 
where in the body, and, while complete eradication of the disease and 
restoration of health are always the chief objectives, none of the surgical 
procedures so far advocated has attained this standard of perfection, 
although many have proved of benefit. In deciding on any type of 
procedure, it is important to make an accurate survey of existing condi- 
tions (such as type and extent of the disease) in terms of the existing 
disability and the probable prognosis if the patient is not treated, and to 
balance this with the prognosis following an operation and the possible 
associated risk. 

Patients with bronchiectasis, as well as abscess of the lung, should 
receive both medical and surgical treatment. The medical treatment 
should consist of rest, hygienic measures, heliotherapy, living under 
favorable climatic conditions, postural drainage, and diet of high-calorie 
value. Such treatment may result in cure, but unfortunately in many 
cases the condition progresses into a chronic stage. Most of the patients 
seen at the clinic have the chronic type of disease, practically all of them 
have had thorough medical treatment, and many have had some type of 
surgical treatment, without relief of symptoms. 

The surgical procedures employed for bronchiectasis depend on the 
indications in the individual case. Great care should be exercised in 
selecting the type of operation, which should be as conservative as pos- 
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sible and consistent with effectual treatment. In many instances 
multiple operations of different types are required to accomplish symp- 
tomatic relief. It is advisable to begin with the less extensive operation, 
reserving the more radical procedures for patients who do not respond to 
more conservative treatment. The more common procedures employed 
are artificial pneumothorax, phrenicotomy, surgical collapse by extra- 
pleural resection of ribs and partial pneumonectomy and lobectomy. 

Artificial pneumothorax is a compression type of treatment and may 
be of benefit in early lesions if there are no adhesions between the visceral 
and parietal pleurae. In chronic cases with diffuse involvement of the 
lung and marked fibrosis, it is of little value. The necessity of repeating 
the procedure with the accompanying danger of pleural effusion and 
empyema is one of the chief disadvantages. 

Cutting or evulsing the phrenic nerve produces paralysis of the muscle 
of the diaphragm, causing it to relax and elevate with compression, and 
restricting the activity of the lower lobe of the lung. The greatest 
application of phrenicotomy is in the treatment of early unilateral lesions 
of the lower lobe. In some cases this procedure may effect symptomatic 
cure. Most patients are benefited; the benefit is evidenced by decrease 
in the amount of sputum and increase in the ease of expectoration. The 
procedure is not of great value in preventing haemorrhages in cases in 
which there is serious bleeding from the abscess cavities. In some 
cases improvement does not occur; these are more often of the chronic 
type with marked fibrosis of the lung. The operation should always be 
performed under local anaesthesia, and the operative risk is so little that 
it should be performed in the early cases and in most chronic cases as a 
preliminary to more extensive operative procedures. In some of the 
extensive lesions so much improvement will be obtained that more radical 
operative procedures will not be necessary; usually it is advisable to wait 
three to six months before such procedures are instituted. 

Surgical collapse of the lung by extrapleural resection of the ribs has 
its chief application in the treatment of the diffuse and unilateral types 
of bronchiectasis with small abscesses disseminating throughout the lung 
and in cases in which coalescing central abscesses have established drain- 
age through a bronchial fistula, particularly when these lesions are asso- 
ciated with severe haemorrhages. This procedure is performed by mul- 
tiple stages; it is not advisable to attempt the entire operation at one 
time because patients requiring this type of treatment constitute poor 
operative risks. . The procedure can readily be divided into many stages 
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without encountering any serious technical difficulties. The number of 
stages should depend on the general condition of the patient. Rarely 
less than three, or more than five, stages are required. The ordinary 
interval between stages is from eight to twelve days, but a longer period 
of convalescence is sometimes necessary, depending on the recuperating 
ability of the patient. 

Partial pneumonectomy and lobectomy may be done as a primary 
operative procedure or secondary to compression, in cases in which 
symptoms have been continuous. This type of treatment is more appli- 
cable in cases in which the disease is of a chronic multilocular bronchiec- 
tatic abscess type and the abscess is in the periphery or practically confined 
to one lobe of the lung. The operative risk is great and the operation 
can be done more safely in multiple stages. The first stage is directed 
toward walling off or compressing the diseased lung which is later re- 
moved with the high-current electric cautery. This procedure would 
seem to be the operation of choice because the diseased tissue is partially 
or completely removed. However, the operative mortality is very high 
and the operative morbidity of patients who survive operation is con- 
siderable. I believe there is a definite indication for this type of treat- 
ment in a small group of cases but it should not be carried out until more 
conservative measures have been tried. It is probable that with im- 
provement in technical methods the procedure will be more widely 
applied as a primary operation. 

My experience in cases of pulmonary suppuration consists in the treat- 
ment of 111 patients. In 47 cases the abscess of the lung was the pre- 
dominant lesion and pneumonitis and bronchiectasis were secondary; in 
64 cases bronchiectasis was the predominant lesion and pulmonary ab- 
scess was secondary. 

The aetiological factors were pulmonary infection in 41 cases; a malig- 
nant lesion in 5 cases; actinomycosis in 2 cases; amoebiasis in one case; 
tonsillectomy in 31 cases; extraction of teeth in 5 cases; foreign body in 
9 cases; nasal operation in one case; and miscellaneous factors in 16 cases. 

The duration of symptoms was as follows: six months or less in 12 
cases; six months to one year in 17; one year to two years in 21; two to 
three years in 24; three to five years in 27; and five to twenty-five years 
in ten. 

Artificial pneumothorax was used in 15 cases: in 6 of early bronchiec- 
tasis and in 9 of centrally situated abscesses. In 12 cases symptoms were 
not sufficiently relieved to warrant continuation of this treatment and 
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other operative procedures were instituted. In 3 cases it was the only 
treatment used. These were early cases of centrally situated abscesses 
which were draining through the bronchus; results were very satisfac- 
tory. ‘There was no operative mortality in the 15 cases. I believe that 
artificial pneumothorax has its widest application in this type of case and 
the reason for the low percentage of satisfactory results following treat- 
ment is probably due to the chronicity of the lesion at the time of 
treatment. 

Open drainage was instituted in 44 cases of abscess with secondary 
pneumonitis and bronchiectasis. In seventeen of these cases operations 
had been performed elsewhere. Operation was done in multiple stages 
and in some cases partial pneumonectomy for drainage was required. 
In the remaining 27 cases previous operations had not been done. In 
twenty-seven of the entire series of cases the one-stage operation was 
performed and in 17 cases the multiple-stage open operation was per- 
formed. Partial pneumonectomy was done to facilitate drainage in 9 
cases of the series. There were 4 deaths. The first patient died seven 
weeks after operation from repeated pulmonary haemorrhages through 
the mouth following attacks of coughing as the result of a severe cold. 
Necropsy disclosed multilocular bronchiectatic cavities with multiple 
bronchial fistulae. The second patient died one day after operation from 
atelectasis in the opposite lung. This patient coughed up some blood, 
but it is questionable if the haemorrhage was the cause of the atelectasis, 
as pulmonary tuberculosis, large pulmonary abscess and a large bronchial 
fistula were also present. The third patient died thirty-eight days after 
operation from myocarditis and pericarditis, and chronic diffuse bron- 
chiectasis. The fourth patient died on the seventh day from broncho- 
pneumonia; an abscess was present in the lower lobe of the right lung. 
Of the 40 patients who survived operation, 17 were completely relieved 
of symptoms and were able to carry on their usual activities, 12 were 
partially relieved of symptoms and were able to do a moderate amount 
of work, 6 were not relieved by operation and have been unable to do any 
work, and the remaining 5 have not replied to recent questionnaires. 
In 5 cases the pulmonary infection was due to a malignant lesion and 
in 2 cases it was due to actinomycosis. The temporary improvement of 
symptoms in these cases was due to relief of the sepsis causing the infec- 
tion. In one case the pulmonary infection was due to amoebiasis. The 
patient in this case made a good recovery following drainage of the ab- 
scess and the administration of emetine. 
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Phrenicotomy was performed in 41 cases. The operation was done 
chiefly if the bronchiectatic lesions involved the lower lobe of the lung. 
In 12 cases more radical operative procedures were necessary. In 4 
cases the subsequent operation was done primarily because of repeated 
haemorrhages, although there had been marked improvement in the 
amount and ease of expectoration as well as improvement in the general 
condition. In the remaining 8 cases the operation was done as a prelim- 
inary to more radical operative procedures in chronic cases. 

In 29 cases other operative procedures have not been done. The re- 
plies to recent questionnaires are as follows: 2 patients stated that they 
were practically relieved of symptoms, one for a year and six months 
and the other for a year and eight months after operation; 15 stated that 
their symptoms had improved from 25 to 90 per cent; the condition of 5 
had not improved; 3 of these had had further haemorrhages and will 
probably require further operative treatment. One patient died on the 
fourth day after operation and ten days after bronchoscopic examination. 
The cause of death was cerebral abscess, probably present at the time 
of operation. Six patients did not reply to the questionnaire. 

Collapse of the lung by extrapleural resection of ribs was done in 31 
cases of the series. There were 3 operative deaths. One patient died 
-on the second day from bronchopneumonia and chronic diffuse bron- 
chiectasis. The second patient died on the nineteenth day from pul- 
monary embolism with right bronchiectasis and multilocular pulmo- 
nary abscess; she also had miliary tuberculosis of the liver and spleen. 
The third patient died one day after operation from cardiac and re- 
spiratory failure. Improvement in the condition of 8 patients approxi- 
mates cure, that is, 75 to 90 per cent relief of symptoms. Five patients 
stated that their condition was not improved and they were unable to 
work. Six patients have not been heard from since dismissal. One 
patient died of diabetes three years and four months after operation, one 
patient died of pneumonia three years and six months after operation, and 
one patient died one year and four months after operation but the cause 
of death was not stated. 

In four cases partial pneumonectomy was done following partial or 
complete surgical collapse. In all of these cases there was bronchiectasis 
of the lower lobe associated with chronic bronchiectatic multilocular 
abscesses. Two of the patients in this group died following operation. 
One patient died six days after the first-stage operation from pneumonia 
in the opposite lung complicated by multiple small haemorrhages from 
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the mouth which occurred during attacks of coughing; this patient was 
placed in the oxygen chamber one day after operation. The second 
patient died one day after the third-stage operation; this patient had 
repeated haemorrhages both from the mouth and the draining sinus 
which was present at the time of examination. Death was due to haem- 
orrhage and atelectasis of the opposite lung. At examination the patient 
was found to have several small bronchiectatic abscesses in the opposite 
lung which were also a source of haemorrhage. The wound of one of the 
two surviving patients is entirely healed and he is able to carry on his 
work; the other patient has multiple bronchial fistulae and his general 
condition is good although he has not been able to do much work. 

The following report of a case exemplifies the usual course and the 
serious conditions that result from multilocular bronchiectatic abscesses 
following tonsillectomy. The necessity of conservative treatment and 
the multiplicity of operative procedures that are usually necessary to 
accomplish relief of symptoms are demonstrated. 


A woman, aged 26 years, had had tonsillectomy under ether anaesthesia in 
1927. Eight days later she had had fever followed by severe attacks of pleu- 
risy on the right side, cough, expectoration, night-sweats and chills. Severe 
haemorrhage occurred, at which time she raised about 500 cc. of blood. The 
following day operation was performed and a tube was placed in the abscess 
cavity in the right lung. She was ill for three weeks. She returned to her 
home at the end of a month and for a week she had fever with chills, cough and 
expectoration. A second operation was done to drain the abscess-cavity. 
Little pus was obtained and a third operation was performed. The tempera- 
ture was normal for about a week when she again had chills, fever and cough 
with expectoration. She lost 25 pounds in weight. She stated that she raised 
from 200 to 300 cc. of pus daily. She had had five haemorrhages during the 
course of her illness. 

The patient was brought to the clinic on a cot and was placed immediately 
in hospital. She was coughing constantly and had considerable pain in the 
upper right side of the thorax and right shoulder-blade, and also a rheumatic 
type of pain in the ankles and knees. Pain was relieved by hot applications. 
The course was septic, with chills, fever and expectoration of about 300 to 400 
cc. of pus daily, usually streaked with blood. The haemoglobin was 60 per 
cent, erythrocytes numbered 3,900,000 and leucocytes 13,400. Roentgeno- 
gram of the thorax revealed abscess in the upper right lobe with diffuse con- 
solidation (figures 1 and 2). The sinus in the wall of the thorax from operation 
elsewhere communicated with a bronchial fistula. This sinus was injected 
with lipiodol which went directly into the multilocular bronchiectatic abscess 


: 
in 
} 
Ad 
q 


622 STUART W. HARRINGTON 


in the central portion of the lung, affording clear visualization of the extent of 
the pulmonary lesion. In the first four months of the patient’s stay at the clinic, 
she had three bronchoscopic examinations (figure 3). There was considerable 
pus and blood in the upper right bronchus. The left side was normal. She 
had repeated small haemorrhages during this period and there was progressive 
gradual improvement in her general condition. 

On October 3, 1928, right phrenicotomy was done; there was very little 
reaction from the procedure and the results were excellent. The diaphragm 
was elevated, and excursion of the right side of the thorax, including the costal 
border, was reduced. There was no bleeding from the lung. The patient 
was allowed to return home October 19, 1928, and was placed on conservative 
treatment. 

The patient returned June 24, 1929, stating that about two weeks after her 
dismissal a severe cold developed with marked increase in sputum and severe 
haemorrhages. For the last three months there has been gradual improvement, 
with an occasional exacerbation of chills, fever and cough with expectoration. 
She had not had haemorrhages for the last six weeks. She still had consider- 
able cough, with expectoration of pus and thick necrotic material. There was 
very little drainage from the old thoracotomy wound. In the last two weeks 
her weight had increased from 110 to 120 pounds but she was still very weak. 
Roentgenograms at this time showed multilocular abscesses in the upper right 
lobe with marked elevation of the right side of the diaphragm (figure 4). The 
haemoglobin was 70 per cent and leucocytes numbered 12,000. Surgical 
collapse of the right lung was advised. At the first stage of the operation, 
July 6, 1929, extrapleural resection of the posterior segments of the first to the 
sixth ribs inclusive was performed. The reaction was moderately severe. 
The temperature was 100°F. and the pulse 140. The temperature had grad- 
ually returned to normal by the sixth day and the pulse to 90 (figure 5). 
The second stage of the operation was done July 20, at which time extrapleural 
resection of the eighth, ninth and tenth ribs and partial pneumonectomy with 
the electric cautery through the old thoracotomy wound were carried out. 
There was considerable reaction during the first week. The temperature 
ranged from 100° to 101°F. and the pulse was 120. The temperature dropped 
to normal on the eighth day and the pulse to 90. From that time convales- 
cence was satisfactory and the patient was dismissed from observation August 
19 (figures 6 and 7). The wound was entirely healed and her general condition 
was good. She had very little cough and was expectorating only about 15 cc. 
of pus in the morning. A roentgenogram revealed complete collapse of the 
right lung. April 10, 1931, she stated in a letter that she had been completely 
relieved of symptoms and is able to carry on her usual activities, 


This case is of interest as it exemplifies the culminating course which 
usually follows pulmonary suppuration which has resulted from aspira- 
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Vic. 1. ROENTGENOGRAM ON ADMISSION; ABSCESS IN THE Upper Ricut LosBe witiH Dirruse 
CONSOLIDATION 
Fic. 2. FoLLOWING INJECTION OF LIPIODOL THROUGH BRONCHIAL FISTULA INTO ABSCESS 
CAVITY 

Fic. 3. FoLLowinc MULTIPLE BRONCHOSCOPIC EXAMINATIONS; NO CHANGES OBSERVED 

Fic. 4. Eicot MONTHS AFTER RIGHT PHRENICOTOMY; MULTILOCULAR ABSCESS IN UPPER 
RicHt LoBE; MARKED ELEVATION OF RIGHT SIDE OF THE DIAPHRAGM 
Fic. 5. Two WEEKS AFTER First STAGE OF EXTRAPLEURAL RESECTION OF RIBS FOR 
SURGICAL COLLAPSE 
Fic. 6. ONE MONTH AFTER SECOND STAGE OF EXTRAPLEURAL RESECTION OF RIBS FOR 
SURGICAL COLLAPSE AND PARTIAL PNEUMONECTOMY; COMPLETE 
RETRACTION OF RIGHT LUNG 


623 


j 4 
hee 
& 
? a 4 
. 
at 
4 
7 
464 
4 


624 STUART W. HARRINGTON 


tion of infected material following tonsillectomy. The onset of symp- 
toms is usually seven to ten days after operation and the course is 
usually fulminating and associated with severe haemorrhages. The 
haemorrhages in this case were severe and constituted an added factor 


Fic. 7. CONDITION ON DisMISSAL; WOUND HEALED EXCEPT FOR DRAINAGE FROM MULTIPLE 
BRONCHIAL FISTULAE 


in lowering the patient’s resistance to the pulmonary infection. ‘This 
is probably one of the reasons why response to conservative treatment 
was not satisfactory. Drainage of the abscess during the acute symp- 
toms had not been satisfactory and there was only a moderate amount of 
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drainage from the sinus tract at the time of admission. There was con- 
siderable improvement in the patient’s general condition following 
bronchoscopic drainage of the bronchus leading into the abscess cavity. 
This was the primary factor in the improvement and was of great assist- 
ance in permitting the emptying of the abscess cavity by postural drain- 
age. The haemorrhages, however, continued throughout the conserva- 
tive course. The patient obtained considerable improvement from 
phrenicotomy but, as is usually the case, the greatest improvement was 
experienced in increasing the ease of expectoration and lessening the 
amount of sputum. It had little effect on the hemorrhages, which 
continued to be severe. The collapse of the lung was done primarily to 
control haemorrhages and to compress the diseased lung. The drainage 
of the multilocular abscess through the old thoracotomy wound necessi- 
tated partial pneumonectomy which consisted in eradicating the disease 
by increasing the drainage surfaces. The result of operation in this case 
is probably more satisfactory than in the usual case of this type. This, 
of course, must be taken on its relative basis as it is unusual to obtain 
complete relief of symptoms from disease of this type, as there is usually a 
moderate amount of residual disease evidenced by slight cough and 
expectoration in the morning and greater susceptibility to the usual 
pulmonary infections. 


SUMMARY 


Pulmonary suppuration is usually progressive. The surgical treat- 
ment should be as conservative as possible and consistent with effectual 
treatment. The most common operative procedures are artificial pneu- 
mothorax, phrenicotomy, surgical collapse and partial pneumonectomy. 
The type of operation depends on the time in the course of the disease 
that treatment is instituted, the situation and extent of the lesion, and 
the general condition of the patient. In most cases multiple operative 
procedures are required to effect symptomatic cure. The operative 
procedures and results are given concerning 111 cases. There were 10 
deaths (9 per cent). In 64 cases (66 per cent) there was cure or from 50 
to 90 per cent relief of symptoms, and in 16 cases (17 per cent) symptoms 
were not relieved. The pulmonary infection was due to malignant 
lesions in 5 cases and actinomycosis in 2 cases, with temporary improve- 
ment of symptoms due to relief of sepsis. 


THE PATHOLOGY OF BRONCHIECTASIS AND LUNG 
ABSCESS! 


B. S. KLINE? 


BRONCHIECTASIS 


The essential abnormality in bronchiectasis is absence or destruction 
of muscular and elastic tissue of the bronchial wall. In the vast majority 
of cases the lesion is a destructive one, following bronchitis or broncho- 
pulmonary disease in childhood or later. Depending upon the extent 
and severity of the process, cylindrical, fusiform or saccular bronchiectasis 
results. Mixed forms may involve the same lung. In general the 
cylindrical and fusiform types result from an extensive but comparatively 
mild inflammation more or less limited to the bronchial walls. The 
saccular type on the other hand most commonly represents the end-stage 
of focal necrotizing bronchopulmonary disease. 

The pathogenic bacteria ordinarily found associated with the necrotiz- 


ing bronchopulmonary lesions are (a) oral spirochaetes, fusiform bacilli 
and vibrios in symbiosis and (b) B. tuberculosis. The bacteria usually 
found in the less severe lesions are streptococci, influenza bacilli, staphy- 
lococci and other organisms from the upper respiratory tract. 

The types of bronchiectasis may be classified as follows: 


1: Congenital 
2: Acquired 
a: Primary, due to changes in the bronchial wall 
b: Secondary, due to changes outside the bronchial wall. 


1. Congenital Bronchiectasis 


Anomalous bronchial or pulmonary development may result in bron- 
chiectasis. In this rarely occurring congenital form there are usually 
multiple branching cyst-like dilatations of bronchi with thin walls. 


1 Presented at a symposium on Bronchiectasis and Lung Abscess before the Clinical Section 
at the twenty-seventh annual meeting of the National Tuberculosis Association, Syracuse, 
New York, May 12, 1931. 

* The Laboratory Department, Mt. Sinai Hospital, Cleveland, Ohio. 
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When extensively involved the lung presents a honeycombed or sponge- 
like appearance. There may be associated hypoplasia or atelectasis of 
lung tissue. 


2. Acquired Bronchiectasts 
a. Primary Form 


This is the commonest form of bronchiectasis. In childhood it de- 
velops following whooping-cough, measles, sinus infections, aspiration of 
infected foreign bodies, bronchopulmonary abscess or gangrene, and 
tuberculosis. In adults it commonly follows putrid bronchitis or bron- 
chopulmonary gangrene. Less frequently it follows sinus infections, 
other types of bronchitis, and bronchopulmonary tuberculosis. In 60 
cases of bronchiectasis D. T. Smith (1) found spirochaetes, fusiform 
bacilli, vibrios and cocci in 49, or 82 per cent. 

Cylindrical, fusiform or saccular types of bronchiectasis occur. Mixed 
types may involve the same lung. The extent varies. The lower lobes 
are most frequently involved. 

In addition to the involvement of muscle and elastic tissue the cartilage 
in the wall may be destroyed. Not infrequently there is total destruc- 
tion of a portion of the bronchus and lung, with cavity-formation, espe- 
cially in the saccular type. In this form other portions of the involved 
bronchi may show little or no inflammation. Ordinarily in bronchiecta- 
sis, however, the bronchi of the lobe are quite diffusely involved, and the 
mucosa especially is at first frequently thickened by inflammatory exu- 
date. It is difficult at times to distinguish between bronchiectasis, 
bronchiectatic cavity and bronchopulmonary ulceration. This is 
especially true in the older healing lesions with considerable fixed-tissue 
proliferation. 

In the types following putrid bronchitis or bronchopulmonary gang- 
rene, the necrosis of the wall is associated with a variable degree of in- 
flammatory exudation. There is a variable degree of ulceration of the 
mucosa and in the lumen there is abundant foul-smelling gangrenous 
exudate. Smears of this exudate show innumerable oral spirochaetes, 
fusiform bacilli, vibrios and other mouth organisms. Silver-stained 
sections show these organisms in the inflamed walls to be especially 
numerous in the necrotizing portions. 

In tuberculosis, following focal necrotizing exudative or proliferative 
lesions in the bronchial wall, a bronchiectasis usually saccular-in type 


7 
N 


628 B. S. KLINE 


results. Smears and sections show the acid-fast bacilli in variable 
numbers. 

The third group is associated with a bronchitis produced by strepto- 
cocci, influenza bacilli, staphylococci and other mouth cocci. The organ- 
isms may be introduced into the bronchi by the aspiration of an infected 
foreign body. In the various types of bronchiectasis in this group the 
necrotizing lesions are much less extensive. However, the inflammatory 
exudation and granulation are usually abundant. .The contents of the 
dilated bronchi are usually mucopurulent or purulent, with little or no 
odor unless the organisms of gangrene are present. Smears and cultures 
of the exudate show the pyogenic cocci. 


b. Secondary Acquired Bronchiectasis 


The primary lesion in this type is most frequently a complete atelec- 
tasis involving part or all of alobe. There is usually diffuse (cylindrical) 
dilatation of the bronchi continuing to the pleura. Little or no involve- 
ment of the muscle and elastic tissue of the bronchial walls may be 
detected. There is usually some round-cell infiltration, however, and in 
the lumen a mucopurulent or purulent exudate. 

In the infrequent cases of extensive scarring of pulmonary parenchyma 
with little bronchial involvement, secondary dilatation of the bronchi 
may result, as following complete atelectasis. 


LUNG ABSCESS 


Lung abscess is an area of pulmonary suppuration caused by pyogenic 
organisms, usually staphylococci. The organisms reach the lung 
through the blood-stream from a distant focus of suppuration or are 
aspirated from the oral cavity. Only rarely are abscesses of the lungs 
observed following penetrating wounds or extending from a neighboring 
focus. 

Many observers have reported finding oral spirochaetes, fusiform 
bacilli and vibrios in lung abscess, and many have reported the production 
of lung abscess with material containing these organisms. Postmortem 
examination, however, in a number of cases of so called lung abscess has 
shown the lesion to be typical gangrene and to contain the causative oral 
spirochaetes, fusiform bacilli and vibrios. 

Although it is hard at times to distinguish between abscess, putrid 
abscess and early gangrene with the organisms of suppuration and the 
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organisms of gangrene present, this difficulty does not justify the con- 
sideration of pulmonary gangrene and lung abscess as one entity. Pyo- 
genic organisms never produce gangrene, whereas the fully developed and 
characteristic lesion caused by spirochaetes, fusiform bacilli and vibrios 
is not abscess but gangrene. Since acute cases of pulmonary gangrene 
do not respond well to the treatment for abscess but are frequently cured 
by arsphenamine therapy, the differentiation between these two diseases 
is imperative. 


1. Embolic Type of Abscess 


Embolic abscesses are multiple, usually small (5 to 15 mm. in diameter), 
more or less spherical, occurring in a number of lobes, and associated 
with areas of suppuration elsewhere in the body. Abscesses of the lung 
of this type represent a manifestation of pyaemia or septicaemia, as do 
the ordinarily associated abscesses in the kidneys and in the myocardium. 
The lesions are greyish or yellowish, soft or viscid, with little or no odor. 
When very numerous they may coalesce in places. Early lesions are 
reddish and more coherent. The result of the embolism may be both 
infarction and suppuration, with the lesions more or less wedge-shaped, 
larger than embolic abscesses, and situated along the borders of the lung. 
A number reach and involve the pleura. Smears and cultures show the 
pyogenic organisms. In sections stained by the Gram method abundant 
organisms are observed in and about occluded blood-vessels. The in- 
volved pulmonary tissues are necrotic and usually completely replaced 
by pus. 


2. Bronchogenic Type of Abscess 


In contrast to the embolic type, bronchogenic abscess is a local focus of 
suppuration. Multiple lesions may be present but the process is usually 
limited to one or a few foci in one lobe. The lower lobes are most fre- 
quently involved. The lesions are usually larger than embolic abscesses 
and ordinarily occur in areas of pneumonia or follow a bronchitis due to 
the aspiration of an infected foreign body. 

The local lesion is usually several centimetres or more in size, irregular 
in shape, at times due to the coalescence of foci, and surrounded by in- 
flamed lung tissue. The involved area is soft or viscid, grey, yellow or 
yellow-brown, and with little or no odor unless the organisms of gangrene 
are present. Early lesions are reddish and hardly distinguishable from 
areas of pneumonia. Smears and cultures show the pyogenic organisms, 
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usually staphylococci, together with other mouth cocci. Occasionally 
colon bacilli are present. 

Sections of early lesions stained by the Gram method show numerous 
clusters of staphylococci in bronchial branches and alveoli, whereas the 
regional blood-vessels are uninvolved. 

The sputum in these cases is yellowish, purulent or mucopurulent, with 
little or no odor. There may be some admixture with blood. Smears 
and cultures show the pyogenic organisms, usually staphylococci. 

In a period of five years, 17 cases of lung abscess were observed at Mt. 
Sinai Hospital of Cleveland (2). Eight of these were embolic in type, 
associated with staphylococcus septicaemia or pyaemia. Nine cases of 
bronchogenic abscess were observed, 7 in infants and children and but 
2 in adults. Two of these cases followed operation under general 
anaesthesia and a third developed after operation under local anaesthesia. 

Clinically, bronchogenic abscess must be differentiated from tuber- 
culosis and gangrene. Physical examination and roentgen-ray evidence 
are quite often insufficient for this purpose and must be supplemented by 
a careful bacteriological examination of the sputum. 

The gross anatomical characters of these three conditions were clearly 
defined by Laennec (3) over one hundred years ago, and at present, 
because of characteristic gross and microscopic lesions including the 
presence of the B. tuberculosis, no difficulty is experienced by pathologists 
in differentiating tuberculosis from abscess, while clinically the diagnosis 
is usually made absolute by the finding of B. tuberculosis in the sputum. 


PULMONARY GANGRENE 


Pulmonary abscess and pulmonary gangrene are almost universally 
considered and treated as one disease. That they are separate entities 
however is evidenced by their strikingly different characteristics (4). 
In contrast to grayish suppuration with little or no odor the lesion in 
gangrene, as pointed out by Laennec, is ragged, brownish or greenish, and 
penetratingly foul-smelling. The color and odor of gangrene in all 
likelihood depend in great. part upon haemorrhage and the subsequent 
change of the haemoglobin. Not only is the process in gangrene much 
more severe locally than in abscess but the general intoxication is much 
more pronounced and the prognosis in untreated cases is much poorer. 
The sputum in abscess has little or no odor, is viscid, yellowish, and con- 
tains pyogenic organisms. In gangrene it is foul-smelling, thin, gray- 
brown or gray-green, and contains oral spirochaetes, fusiform bacilli and 
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vibrios. Pulmonary gangrene occurs much more frequently in adults 
than in children, whereas abscess of the lung occurs more frequently in 
infants and children than in adults (2). 

Pulmonary gangrene, like bronchogenic abscess, may occur anywhere 
in the lungs and most frequently involves the lower lobes. It may occur 
with very little associated pneumonia, especially in very acute cases, 
when countless oral anaerobes are aspirated into the lungs from lesions in 
the upper respiratory tract. Ordinarily, however, gangrene occurs in 
pneumonic areas. 

Sections stained with haematoxylin and eosin, by the Levaditi and, 
better still, by the Warthin and Starry methods, show that gangrene 
begins in and about the smaller bronchial branches, with characters at 
first those of bronchopneumonia followed then by necrosis of the exudate 
and of the fixed tissue. Following this, the lesion steadily enlarges and 
ulceration occurs in the older areas of necrosis. The lesion now is the 
fully developed and characteristic one of gangrene, consisting of a 
ragged, penetratingly foul-smelling brownish or greenish ulcerated area, 
with innumerable oral spirochaetes, fusiform bacilli and vibrios present, 
not only in the areas of necrosis but also at the advancing periphery. In 
a short time there is a coalescence of the ulcers with definite cavity-for- 
mation, and, since no tissues are spared in the progression of the gangre- 
nous lesion, no large ridges or bridges of tissue remain. In gangrene and 
also in abscess of the lung the pleura is frequently involved and there is 
gangrenous effusion or empyema. 

Although pulmonary gangrene is a much more severe process than 
lung abscess, the prognosis in early cases properly treated is better than 
in abscess, as shown by the fact that eleven of 15 cases of gangrene treated 
with arsphenamines at Mount Sinai Hospital, Cleveland, recovered, 
whereas six of the 9 patients with aspiratory abscess died (5). 

Occasionally, especially following the aspiration of infected foreign 
bodies, there is at first a bronchopneumonia with more or less suppura- 
tion, and then the process eventuates in gangrene. 

Pilot and Davis (6), Smith (7), Varney (8) and others have reported 
finding spirochaetes, fusiform bacilli and vibrios in cases of lung abscess, 
and Lambert and Miller (9), Pilot and Davis (6), Smith (10), Crowe and 
Scarff (11), Allen (12), Hedbloom, Joannides and Rosenthal (13), 
Hermann and Cutler (14) and Van Allen, Adams and Hrdina (15) have 
reported the experimental production of lung abscess in animals with 
these organisms. It is probable, as pointed out by Heuer (16) in a re- 
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cent critical analysis of the literature, that the lesion in some of these 
cases was gangrene and not abscess. 

Analysis of 34 cases of so called typical lung abscess, observed at Mt. 
Sinai Hospital in a period of five years, showed that three-fourths of them 
(25) were in reality cases of typical gangrene (2). Twelve of these cases 
(48 per cent) followed operation under general anaesthesia, while one 
developed after operation under local anaesthesia. Of these cases of 
gangrene all but one were in adults. 

Gangrene occasionally complicates pulmonary tuberculosis and rarely 
it is engrafted upon degenerating tumors of the lung. 

Although pulmonary gangrene almost invariably results from aspira- 
tion of oral spirochaetes, fusiform bacilli and vibrios from the mouth, 
it has been reported (17) as following embolism from putrid puerperal 
infections, gangrenous decubitus ulcers, and degenerating tumors of the 
intestines and female genitalia. The form and situation of the pulmo- 
nary lesions in these cases are much like those following embolism of 
pyogenic organisms. 

The spirochaetes, fusiform bacilli and vibrios of pulmonary gangrene 
are identical with those of the mouth. The first careful description of 
the spirochaetes present in the mouth between the gums and the teeth 
was that of Miller (18) in 1890. In addition to the small slender Spiro- 
chaeta dentium described by Koch in 1877, he observed larger forms 
(apparently identical with Spirochaeta vincenti and Treponema macro- 
dentium) associated with a comma bacillus (Spirillum sputigenes identi- 
fied by subsequent investigators as Vibrio proteus). The spirochaetes 
are motile anaerobes, from 4 to 15 micra long with from 2 to 20 irregular 
coils. In smears they are gram-negative. The vibrio is a motile aerobe, 
with a number of flagella, curved, gram-negative, from 2 to 5 micra long 
and about one micron thick. The fusiform bacillus, first described as an 
inhabitant of the mouth by Vincent (19) in 1889, is an anaerobe, non- 
motile, straight, spindle-shaped, pointed at the ends, gram somewhat 
variable (smaller forms at times positive, large forms always negative), 
from 3 to 10 micra long and about 0.5 micron thick. 

Plaut (20) in 1894 and Vincent (21) in 1896 pointed out the relation- 
ship of these organisms to the angina that bears their names. Plaut 
ascribed the cause of the angina to the Miller organisms (oral spiro- 
chaetes and vibrio) and Vincent to a spirochaete and the fusiform 
bacillus. 

Since the observations of Plaut and Vincent, the three types of organ- 
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isms: (a) oral spirochaetes (Miller), (b) vibrio (Miller), and (c) the 
fusiform bacillus (Vincent) have been found present not only in angina 
but also in ulcerative gingivitis, dental caries, noma, pulmonary gan- 
grene, gangrenous balanitis and gangrenous vulvitis. 

The vibrio, although aerobic, motile, flagellated, curved and gram- 
negative, has been confused with the fusiform bacillus. Furthermore, 
although it is generally believed that the spirochaetes and the fusiform 
bacilli live in symbiosis, there is no evidence in cultures that the pres- 
ence of one favors the growth of the other, whereas the vibrio with its 
striking avidity for free oxygen (forming a pellicle in broth culture) 
might very well be the symbiotic agent, making possible the growth of 
the anaerobic oral spirochaetes and anaerobic fusiform bacilli in the 
mouth and elsewhere. 

The presence of spirochaetes and fusiform bacilli in pulmonary gan- 
grene was first reported in 1905 by Rona (22) who believed not only that 
these organisms produced the gangrene but also that carious teeth were 
their source. Supporting these observations are those of Buday (23), 
reported in 1910. Ina study of 35 cases of bronchial, bronchopulmonary 
and pulmonary gangrene, Buday found innumerable spirochaetes, fusi- 
form bacilli and comma bacilli in the involved areas. In the bronchial 
lesions, the fusiform bacilli and comma bacilli were present in larger 
numbers than the spirochaetes. In the gangrenous areas of the lungs, 
however, the spirochaetes predominated, innumerable organisms of this 
type being present not only in the necrotic tissue but also at the margins 
toward the intact lung. From a careful microscopic study of his cases, 
Buday concluded that in acute bronchogenic gangrene of the lung, espe- 
cially of progressive character, spirochaetes, fusiform bacilli and comma 
bacilli are in the vast majority of cases the causative agents and not 
secondary invaders. 

More important in establishing the aetiological relationship of these 
organisms to gangrene than their presence in early gangrenous areas and 
at the margins of more advanced ones is the fact that, with material 
containing them, similar lesions have been produced in animals. (Vesz- 
premi (24), Loygue, Bonnet and Peyre (25), Kline (26), Pilot and Davis 
(6) and Smith (27).) Smith (27), furthermore, with combined pure 
cultures of Treponema microdentium, anaerobic haemolytic streptococcus, 
small fusiform bacillus and a vibrio, succeeded in producing the lesion 
in rabbits after passage of the combined organisms through mice and 
guinea pigs. 
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PATHOGENESIS OF PULMONARY GANGRENE AND LUNG ABSCESS 


The majority of observers and investigators believe that the organisms 
producing pulmonary gangrene and lung abscess are aspirated from the 
oral cavity. A number, however, believe that in most pulmonary con- 
ditions, especially in the postoperative group, the organisms reach the 
lung through the blood-stream. Concerning this question, Schlueter 
and Weidlein (28) state that ‘‘in a census of recent writers forty declare 
themselves in favor of aspiration while only ten favor embolism as the 
direct cause of lung abscess.” 

The clinical and experimental evidence for postoperative embolism is 
well presented in the communications of Cutler, Schlueter, Weidlein and 
Holman (29) and of Fetterolf and Fox (30). Based upon this view is a 
belief that reduction of trauma at the operative site by the surgeon may 
prevent the complication. 

Evidence that pulmonary gangrene and lung abscess, including the 
cases following operation follow aspiration of the causative organisms 
from the mouth, is given in a recent article (4). 

Based upon this evidence, preoperative oral care has been given on the 
wards at Mount Sinai Hospital of Cleveland for the past three years. 


During this time the incidence of postoperative pulmonary disease in the 
treated group has been strikingly lower than in the group receiving no 
preoperative oral care. These results give evidence that pulmonary 
gangrene may be prevented under any circumstances by proper oral 
hygienic or therapeutic measures. 
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EXTRAPLEURAL PARAFFIN FILLING IN THORACIC 
SURGERY! 


‘Paraffin Plombierung”’ 
W. L. ROGERS 


Extrapleural compression, or Plombierung, is, at the present time, one 
of the recognized European procedures in thoracic surgery. This is due 
to the improved technique which has been developed during recent years. 
American literature, however, makes little mention of the procedure. 

In 1907, Schlange (1), in order to stop a severe ha€morrhage coming 
from an eroded blood-vessel in an apical cavity, made a window in the 
chest-wall, separated the parietal pleura from the endothoracic fascia by 
blunt dissection, and packed the newly formed extrapleural cavity with 
iodoform gauze. In 1911 Tuffier (2) described his operation of placing 
fatty tissue (omentum, lipoma, etc.) between the costal pleura and the 
chest-wall. At first he applied it in the treatment of lung abscess and 
later in the treatment of pulmonary tuberculosis. Tuffier had not 
published his work on pulmonary tuberculosis before Baer (3), in 1913, 
published his on extrapleural pneumolysis. For a filling substance Baer 
used paraffin of 53° melting point with a small amount of bismuth carbon- 
ate and vioform. Baer has probably done more than any other man to 
establish this procedure in the surgical treatment of pulmonary 
tuberculosis. 

In 1913 Jessen (4) suggested the use of a mixture of wax and vaseline 
with a small amount of magnesium carbonate, instead of paraffin. 
He raised the objection that paraffin was too hard and tended to tear the 
neighboring tissues. He also believed that in certain cases pneumo- 
lysis would suffice without insertion of a plug. Baer overcame Jessen’s 
objection to paraffin by substituting paraffin of a melting point of 48°- 
50”. 

Tuffier, Gwerder (5), Kroh (6), Mayer (7), Statler and Schoenlank (8) 
tried maintaining an extrapleural cavity by air injection and also by the 


1 From the Department of Surgery, Medical Department, Stanford University, San Fran- 
cisco, California. 
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use of air-containing rubber balloons. These met with very little success, 
as it was impossible to maintain the “pneumothorax” over a period of 
time. Further, introduction of rubber balloons necessitated a communi- 
cation with the skin, resulting, in a short time, in mixed infection, and not 
infrequently in bronchial fistula. 

In 1914 Wilms (9) suggested employing fatty tissue and, in addition, 
the resected pieces of rib as a tampon, being careful to place the rib-ends 
so as not to tear the pleura. 

Brauer (10) stopped performing extrapleural filling in 1914, maintain- 
ing that in most cases a partial lung collapse was not sufficient and in- 
volved the necessity of a complete plastic operation later on. However, 
in 1929, on returning to this operation he suggested the use of vivocoll 
before inserting the paraffin, or whatever nonabsorbable substance was 
being used. The vivocoll stops the oozing and helps to seal the many 
small blood-vessels and lymph-channels, which are, of necessity, opened 
by blunt dissection of the parietal pleura from the chest-wall. This 
would help prevent, to a great extent, the formation of an exudate 
around the filling and would, in turn, decrease the likelihood of later 
infection. 

In 1920 Eden (11) suggested using human oil, employing liquefied ani- 
mal fat, but in the case he described the patient developed a mixed infec- 
tion and a resulting pleural empyema. 

In 1921 Archibald (12) described the use of an extrapleural muscle 
tampon. When using an anterior incision, he employed the pectoral 
muscle, while after using a posterior incision he employed the trapezius 
and the rhomboid muscles. Lilienthal (13) and Davies (14) have also 
used the muscle-tampon operation. 

In most European clinics at the present time paraffin is used as the 
plugging substance. Sauerbruch (15), Starcke, Maendl and Schwarz- 
mann (16), Krampf (17), Walzel (18) and others have contributed minor 
technical modifications to the original operative procedure described by 
Baer. Baer and Jessen found in animal experiments that the paraffin 
mixture remained practically reactionless. Baer, Hesse and Wustmann 
(19) have studied the tissue reaction in man. In most cases a small 
extrapleural exudate is formed, but it usually remains sterile and is grad- 
ually absorbed. A fibrous connective-tissue capsule, some 2-3 mm. 
thick, is formed around the paraffin. Often one finds a fibrous septum 
developed across the intervening space, between the filling and the par- 
tially collapsed lung. This acts as a partial support for the filling. Un- 
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fortunately the postoperative results of many patients operated before 
the war have been lost. However, some cases were reported to have 
carried their paraffin reactionlessly for from 8 to 10 years. This shows 
the possibility, at least, of the reactionless durability of this material. 
The formula now used in most European clinics is as follows: 


grams 
Bismuth carbonate, neutral 
Vioform 


By using paraffin of these melting points, the resulting mixture remains 
a -homogeneous, soft, kneadable, elastic mass when inserted into the 
newly formed extrapleural cavity. The small amount of bismuth is 
incorporated to cast an X-ray shadow. Vioform has an antiseptic prop- 
erty. Some of the advantages of a paraffin filling over a fatty one are: 


J: It is nonabsorbable which enables it to exert the desired pressure 
indefinitely. 

2: It is less likely to cause postoperative suppuration. 

3: It is easy to prepare and it can be thoroughly sterilized. 

4: It is accessible, while difficulty may be experienced in finding a suitable 
fatty graft. 


Its one great disadvantage is that it is, and always remains, a foreign 
body. A substance, which would give ideal compression and eventually 
either be absorbed or assimilated by fibrous-tissue invasion, has not yet 
been discovered. 

Indications for paraffin filling are (1) in cases of pulmonary tuberculo- 
sis, (2) in the treatment of pulmonary abscess and (3) in the treatment of 
bronchiectasis. 


1: Pulmonary tuberculosis: We shall not attempt in this paper to review 
the general indications for surgical intervention in pulmonary tuberculo- 
sis, but confine ourselves to the conditions in which extrapleural Plombier- 
ung is indicated. 

The operation was developed by Baer, not so much to displace pre- 
viously recognized surgical procedures, but to supplement them in cases 
in which thoracoplasty was not yet indicated or had not attained a maxi- 
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mal result, and also when, because of bilateral involvement, a thoraco- 
plasty could not be considered. Phrenicectomy helps very little, if at all, 
in patients suffering from tuberculosis of one upper lobe, with cavity- 
formation which nature and medical treatment have failed to heal, and 
in which pneumothorax has failed because of adhesions. The disease 
may not be sufficiently advanced to consider a complete rib-resection. 
By extrapleural compression the active focus may be put to rest, but the 
function of the remaining normal portion of lung remains undisturbed. 
This is accomplished by a comparatively simple operation accompanied 
by minimal shock, no deformity, and little danger. 

The procedure can be effectively used in patients who have had a 
complete thoracoplasty, with cavities not totally collapsed, and retaining 
a positive sputum; also in those in whom thoracoplasty has failed suffi- 
ciently to collapse the lower portion of the lung. It can be used in 
patients with bilateral apical cavities, with the remaining lung fields 
comparatively free in whom pneumothorax is not available, because of 
adhesions on one or both sides. 

2: The operative technique for apical disease: Local anaesthesia suffices 
in most cases. In some, however, supplementary nitrous oxide is ad- 
visable. The patient is best operated upon in a sitting position. 
There is considerable difference of opinion as to the method of ap- 
proach. Baer and others favor the removal of a small portion of the 
2nd or 3rd rib, using an anterior incision. Sauerbruch (20) and his 
school, Walzel and others, prefer a paravertebral incision. Starcke has 
developed a special technique by which he inserts a small filling anter- 
iorly, and, if necessary, a posterior one later. H. Alexander (21) and 
others vary the incision for different positions of the focus. 

In most cases I should favor the posterior route because the apex is 
more accessible and the strongest adhesions are apt to be found poster- 
iorly. A paravertebral incision five to six inches in length is used. One 
and a half to two inches of the second or third rib are resected subperio- 
steally. The intercostal muscle is carefully dissected away. Using the 
index finger the parietal pleura is gently separated from the endothoracic 
fascia, working superiorly and laterally. As pain is encountered, a tam- 
pon soaked in novocaine solution is inserted into the wound-bed and 
allowed to remain a few minutes. In this manner one may often complete 
the pneumolysis under local anaesthesia. Some operators prefer using a 
small amount of nitrous oxide during this stage. In case a general anaes- 
thetic is used great care must be taken to maintain an even respiratory 
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movement. If this isnot done, the flapping back and forth of the freed 
portion of lung may result in tearing the pleura, or even the wall of a 
superficial thin-walled cavity. 

If, after the apex and lateral wall are freed, the dissecting finger is too 
short to reach anteriorly along the superior wall, a sponge-stick may be 
used to continue the blunt dissection. In case strong isolated strands are 
encountered it is best to clamp, ligate and cut them with a cautery, as 
near the chest-wall as possible, bearing in mind the possibility of their 
being out-pocketings of the wall of a superficially located cavity. Bleed- 
ing plays an unimportant réle, as no large vessels are encountered. 
Oozing is readily controlled by hot salt packs. 

Before inserting the paraffin one determines whether the parietal pleura 
has remained intact. When the operation has been performed under 
local anaesthesia the patient is instructed to cough gently. If the lung 
and pleura are intact the lung expands following the cough. If nitrous 
oxide is used the anaesthetist is instructed to use a little positive pressure 
to attain the same result. At this stage Brauer has suggested using vivo- 
coll to stop oozing and to seal the blood capillaries and lymph-vessels. If 
this is not done, then a hot salt compress is inserted for a few minutes. 

The paraffin mixture, which has previously been prepared, thoroughly 
sterilized, and kept in sealed jars, is placed in a water-bath and melted. 
It is then either transferred to a bowl and allowed to cool by continual 
stirring, as in Sauerbruch’s clinic, or poured into a rubber bag (the open 
end clamped with a Kocher haemostat) and continually kneaded by a 
nurse, as in Walzel’s clinic. At the stage of cooling when it becomes a 
homogeneous, readily kneadable mass, it is handed to the operator in 
little rolls which he inserts into the prepared cavity. With the aid of a 
small tablespoon these rolls are moulded with a gentle evenly exerted, 
medial pressure towards the hilum and the vertebrae. In this manner 
the extrapleural cavity, resulting from the blunt dissection described 
above, is entirely filled. The amount of paraffin used depends entirely on 
the extent of disease, but, in general, varies from 300-600 gm. Amounts 
up to 1000-1200 gm. have been inserted successfully, but so large an 
amount is not to be recommended. The layers of the chest-wall are 
sutured and the wound closed without drainage. A small, firm dressing 
is applied (figures 1a, b and c.) 

In operations in which paraffin is used following thoracoplasty, the 
technique is practically the same. The incision is determined by the 
point at which increased local pressure is desired. Because of the already 
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Fie. 1 
a. DIAGRAM OF LEFT UppEeR-LOBE CAVITIES 
b. Lert APEX FREED BY EXTRAPLEURAL DISSECTION, COMPRESSION BY PARAFFIN 
c. Lert APEX COMPRESSED, CAVITIES OBLITERATED 
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strongly fixed mediastinum, greater pressure may be used in applying 
the Plombe. In this latter type, in which the incision may be made in the 
axilla or lower part of the chest, Maendl, Schwarzmann and Krampf have 
suggested a special modification of technique. In order to prevent 
partial prolapse of the paraffin, which is occasionally seen because of the 
relatively thin muscles covering that portion of the chest, these operators 
replace the resected rib. Krampf resects the rib with its periosteum, 
and, at the end of the operation, sutures it by means of wire or silk to its 
adjacent rib-ends. The other two operators resect the rib together with 
the intercostal muscle, retract the bone and muscle flap, and, after the 
paraffin is in place, replace and suture the flap in its original 
position. The ordinary postoperative course is mild. The opera- 
tion itself is accompanied by comparatively little shock. The patient 
is able to expectorate freely and with little discomfort. The sputum 
may be blood-tinged for a few days after operation. There is gener- 
ally an increase in the amount of sputum during the first 24 hours, 
following which one niay expect a sharp decrease during the first three or 
four postoperative weeks. From then on the decrease is more gradual. 
After the first week or two, tubercle bacilli may disappear from the 
sputum or it may contain a smaller percentage of tubercle bacilli. Fora 
few days following operation the patient generally has a low degree of 
fever. In most cases the wound heals by first intention. The patients 
experience very little, if any, discomfort in carrying the paraffin. In 
most clinics the patients become ambulatory after 14 to 21 days, but I 
personally should advise a longer period of bed-rest, which would permit 
of more complete absorption of the extrapleural exudate and would allow 
sufficient time for the formation of a fibrous-tissue capsule around the 
paraffin. This would lessen the possibility of the paraffin’s shifting and 
also decrease the percentage of late wound suppurations. 

Complications may arise during and following this operation. Very 
occasionally the pleura is so firmly adherent to the endothoracic fascia 
that it cannot be separated without considerable danger of tearing the 
pleura and underlying lung tissue. In such cases it is advisable to stop 
and perform an apical thoracoplasty. 

A small tear in the pleura is of no great significance because the adhe- 
sions present prevent the formation of a large pneumothorax. It is not 
considered a contraindication for inserting the filling. However, if the 
wall of a superficially located cavity is accidentally opened, paraffin 
should not be inserted, but either an apical thoracoplasty or a tamponade 
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of the cavity be performed. No cases of serious haemorrhage occurring 
either during or following this operation have been reported. Respira- 
~ tory and circulatory disturbances are minimal, asarule. However, when 
inserting the filling, especially on the left side, care should be taken not 
to exert too great a pressure. Too great a pressure may cause cardiac 
disturbances with dyspnoea and cyanosis. Such symptoms necessitate 
the immediate removal of the paraffin. 

Postoperative aspiration pneumonia of the lower lobe is comparatively 
rare. This is one of the advantages of an apical filling over apical thora- 
coplasty. I think it quite likely that, in most cases developing an 
aspiration pneumonia, an accompanying partial bronchial stenosis is 
also apt to be present. In most of such cases reported and observed a 
rather large amount of paraffin had been used. H. Alexander (22) re- 
ported a case of complete bronchial stenosis with atelectasis. Schroeder 
also reported a case of extraordinarily high fever and sepsis as a result of 
complete bronchial obstruction, which prevented the drainage of a large 
cavity. Respiratory disturbances also necessitate removal of the paraffin. 

In cases with a large, thin-walled, peripherally situated cavity the 
pressure exerted by the paraffin may cause necrosis and sloughing of the 
intervening cavity wall. The symptoms which aid in diagnosis of this 
condition are bloody sputum, coughing up of bits of paraffin, subcutan- 
eous emphysema (a small amount may normally be present, but not an 
ever-increasing amount), accompanied by a rise in temperature as a result 
of infection of the bed of the foreign body. ‘The paraffin should be re- 
moved and gauze tampons inserted. A thoracoplasty may or may not 
be necessary at a later date. 

A small amount of exudate is practically always formed. It is not 
disadvantageous as long as it remains sterile, and does not become too 
large. A large amount of exudate may be the cause of a rather high 
temperature, without being infected. If the wound shows no sign of 
infection, it is best to wait. If the exudate tends to point, one should 
aspirate. Even in cases of exudate infection, one may sometimes avoid 
removal of the paraffin by repeated aspirations and injections of various 
antiseptics. If these measures do not suffice, then the paraffin must be 
removed and the open wound treated. Removal of the paraffin has not 
always resulted badly or necessitated further surgical procedures. Sev- 
eral such cases have been reported as cures. 

Several operators have reported larger series of extrapleural com- 
pression operations. 
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Baer (23) in 1914 reported a series of 10 cases in which the paraffin 
Plombe was the primary operation. In one case, due to an infection, it 
was necessary to remove the paraffin. In this particular case it had been 
necessary to cut several strands, and Baer believed them to be the possi- 
ble source of the infection. Under the description of the technical pro- 
cedure, I have suggested using the cautery when it has been necessary 
to cut existing strands. This would lessen the possibility of infection 
from this source. Of Baer’s series nine were improved and the sputum 
from two remained negative. The period of postoperative observation 
was six months to one year. 

Sauerbruch (24), in a series of 47 cases, removed the paraffin from 
seven because of suppuration. Until recently he has been of the opinion 
that the Plombe should be used almost exclusively to supplement a thora- 
coplasty, and not as a primary measure in the surgical treatment of pul- 
monary tuberculosis. Using the Plombe for such cases he had good 
results. He has used it most extensively in the surgical treatment of 
lung abscess and bronchiectasis. However, at the present time, with a 
series of almost a thousand cases of paraffin compression at his command, 
he has broadened his opinion in regard to the indication for its use. He 
now suggests its employment in cases with unilateral, small, apical 
cavities, when the lower lung is free from infection. He warns against 
its use in cases of very large cavities near the pleural border, but uses it 
in certain selected cases of bilateral involvement, inserting the paraffin 
on the more affected side. 

Ziegler (25), in 1924, recommended paraffin compression as a primary 
measure in cases with upper-lobe cavitation, the remaining lung being free. 
In 1929 he recommended a special operative method, reporting at that 
time a series of 26 cases with good results. 

Hauke (26), in 1929, reported a series of 32 cases, noting very little 
disturbance at the site of the Plombe, in spite of the fact that he used 
as much as 800 gm. of paraffin in some cases. He encountered less 
mechanical disturbance than with partial thoracoplasty, also less shock 
and no deformity, and his results were equally as good. 

Alexander, in 1929, reported a series of 23 cases which had been under 
observation from 1925-1929. He divided his series into four groups: 


a: Ten cases in which the Plombe operation alone was used. In four he had 
definite cures, with negative sputum, and two had a good prognosis, two were 
improved and two remained the same. 
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b: Three cases in which paraffin compression was followed later by phrenico- 
tomy. ‘Two of the three were unchanged while one was improved. 

c: Two cases cured as a result of phrenicotomy, plastic operation and Plombe. 

d: A group of 8 cases, having had a previous phrenicectomy followed by a 
Plombe. One was cured and seven were improved. 


Winternitz (27), in 1929, reported a series of 43 cases. In all of his 
patients the wounds healed and the paraffin caused no disturbance. 
Thirty-five of these cases were discussed by Roth (28), Orszagh (29) and 
Gergely (30). In three cases the postoperative treatment was too short 
to draw any conclusions. One had not returned for reéxamination. 
Twelve of the remaining 31 cases were definite cures, being afebrile and 
free from sputum. Very marked improvement was noted in three and 
some improvement in eleven. No change was noted in two and some 
impairment in three. The period of postoperative observation was from 
six to nine months. 

Professor Walzel is, I believe, to date, the most enthusiastic supporter 
of the paraffin-compression operation. In the past two and a half years, 
in conjunction with Neumann, he has performed over 200 such opera- 
tions. Approximately 150 of them were done on tuberculosis patients. 
The postoperative mortality was 2 per cent and the number of postopera- 
tive complications comparatively few. Walzel is most encouraged by 
the results, and considers the operation equally as valuable as thoraco- 
plasty in the surgical treatment of pulmonary tuberculosis. 

In drawing conclusions in regard to the indications for paraffin com- 
pression in the surgical treatment of pulmonary tuberculosis, the writer 
has taken into consideration the literature, as well as his observations of 
the operations and the postoperative results on patients so treated in 
various European clinics. 

First, indications for its use as a primary operation: 


1: In unilateral disease of the upper lobe with apical cavitation (preferably 
small, multiple cavities rather than extremely large, peripherally situated, 
thin-walled ones) showing a definite fibrotic tendency, in which pneumothorax 
has failed because of adhesions. 

2: In cases of bilateral, apical cavitation, showing a fibrotic tendency, the 
underlying lung tissue on both sides being free, in which pneumothorax has 
failed. In this group a bilateral, apical Rlombe may be performed in two stages. 
In case a partial pneumothorax exists in either group 1 or 2, it is safer to allow 
the pneumothorax to absorb or to be withdrawn before inserting the paraffin. 
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Second, indications for its use as a secondary operation: 
1: In order to produce a local increase of pressure. 


If the experienced operator observes the above indications, I believe his 
results will be very gratifying. 


FIGURE 2b 


Fic. 2 
a. DIAGRAM OF A CENTRAL LUNG ABSCESS 
b. SAME COMPRESSED BY PARAFFIN 


If paraffin compression is used as a substitute for thoracoplasty, when 
the patient’s condition will not warrant rib-resection, or, if the patient will 
not consent to the major operation, results become less certain. Paraffin 
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compression is being used very effectively in various clinics for lung 
abscess. It fulfills one of three réles, depending upon the type of case. 


First, in cases with a centrally located abscess, extrapleural instillation may 
lead to a cure, without further intervention being necessary. Some months 
later, the paraffin may be removed (figures 2a and b). 

Second, as a means of obtaining pleural adhesions and also compression of the 
thin layer of normal lung tissue between pleura and abscess. In this type the 
abscess may, after a few days, rupture into the Plombe bed, with the formation 
of a subcutaneous abscess. By removing the paraffin and packing the open 


FIGURE. 3 


Fic. 3. PARAFFIN COMPRESSION IN BRONCHIECTASIS 


wound a cure may result. This is especially apt to occur in diffuse types, 
when the abscess is not well walled off. 

Third, as a first-stage operation to obtain pleural adhesions and compression 
of the lung tissue between the pleura and the abscess. The danger resulting 
from a secondary operation is thereby greatly diminished. When cauterizing 
through the intervening, compressed lung tissue there is little danger from 
embolism or disturbing haemorrhage. Technical modifications will be consid- 
ered under bronchiectasis. 


In bronchiectasis paraffin is used, primarily, as a possible curative 
measure by elevating and maintaining compression of the affected lobe, 
and, second, as a means of obtaining adhesions, preparatory to a later 
operation. 

In bronchiectasis a larger opening is used than in the operation for 
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abscess. Sections of from two to four ribs are resected at the desired 
site and the parietal! pleura is carefully freed from the inner chest-wall. 
Then a large piece of moulded paraffin mixture is inserted to fill the newly 
formed cavity. The wound is closed in layers without drainage (figure 
3), great care being taken to make haemostasis complete. 

A septic empyema occasionally develops. The patient should always 
thoroughly empty his lungs of sputum before operation. Walzel lost a 
patient in which this precaution was neglected. Upon insertion of the 
paraffin the patient literally drowned in his own sputum. 

In concluding, the writer believes that extrapleural compression has 
rightfully won a place in the surgical treatment of chest disease. This 
method broadens, to some extent, the indications for surgical interven- 
tion. The results are gratifying when one adheres to the more specific 
indications. The paraffin mixture is probably the best compression 
substance we have at our present disposal. In the future a substance, 
which will have a lasting effect of continuous pressure and which will 
eventually be absorbed or assimilated by fibrous-tissue invasion, may 
be found. 
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DIABETES AND PULMONARY TUBERCULOSIS 
ANDREW L. BANYAI! 


The material forming the basis of our study is drawn from a group of 
patients admitted to Muirdale Sanatorium since January 1, 1923, a 
group suffering with diabetes mellitus complicated by pulmonary tuber- 
culosis. Of the total admissions during this period, 5,224 cases, 31, or 
0.59 per cent, were found to be diabetics. This figure is somewhat 
higher than that published by Landis, Funk and Montgomery (1), who 
derived their conclusions from the investigations of 31,834 sanatorium 
patients treated for pulmonary tuberculosis in 29 sanatoria. They 
assumed that the coexistence of these two diseases is between 3 and 
¢ of 1 per cent. The only explanation that can be offered for this 
discrepancy is the decided increase in the number of diabetics during 
the last decade, earlier detection of pulmonary tuberculosis, their earlier 
and more frequent admission to sanatoria and better life expectancy 
since the introduction of insulin. While older reports indicate a very 
high coincidence of diabetes and tuberculosis, later authors emphasize 
the fact that diabetics are not more liable to develop pulmonary tubercu- 
losis than individuals with normal carbohydrate metabolism. Wass- 
mud (2) found diabetes in 60, or 6.75 per cent, among 8,000 cases with 
pulmonary tuberculosis. Brown (3) said that diabetes is frequently com- 
plicated by pulmonary tuberculosis, which runs a fatal and usually 
acute course; Griesinger (4) found this complication in 42 per cent of his 
diabetic patients. Of 252 hospital and private patients Naunyn (5) saw 
diabetes with tuberculosis in 10 per cent. Von Noorden (6) noted that 5.5 
per cent of his private patients and 15.1 per cent of his hospital cases with 
diabetes had tuberculosis. Of 50 postmortem examinations pulmonary 
tuberculosis was seen by Frerich (7) in 25, or 50 per cent. The obser- 
vations of Kuelz (8) are more favorable. He found manifest pulmonary 
tuberculosis in about 5 per cent of his 692 diabetes cases. The report of 
Rosenberg and Wolf (9) indicate that of 1,000 diabetics only 40, or 4 
per cent, showed pulmonary tuberculosis. Of 4,500 patients admitted 


1 Muirdale Sanatorium, Wauwatosa, Wisconsin. 
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with tuberculosis to the U. S. Veterans’ Hospital at Oteen, North Caro- 
lina, 14 were found to have diabetes (10). Joslin (11) gives tuberculosis 
as the cause of death in 6 per cent of 1,146 deaths in diabetics, while of 
the 131 in 2,000 diabetics observed by John (12) it is given as 9.1 per 
cent. Still more divergence is shown in the report of Fitz and Murphy 
(13), who state that pulmonary tuberculosis was the cause of death in 19 
per cent of the 37 diabetics on whom necropsy was performed. Accord- 
ing to Landis, Funk and Montgomery (9) no tuberculosis was present 
in 51 nonfatal diabetics; of 35 fatal cases 3 had had tuberculosis; of 25 
postmortem examinations on diabetics tuberculosis was seen in 5, or 20 
per cent, of the diabetics; while, of 355, collected reports showed the 
presence of tuberculosis in 138, or 38.9 per cent. 

As to the incidence of pulmonary tuberculosis in diabetics the follow- 
ing data (table 1) are available from the more recent American literature: 


TABLE 1 


PERCENTAGE 
OF PULMO- 
NARY-TUBER- 
CULOSIS 
CASES 


NUMBER OF 
NUMBER OF | PULMONARY- 
DIABETICS |TUBERCULOSIS 


Golden, R. (14) 1927 1091 5.0 
Joslin, E. P. (11) 1928 3000 , 

Wilder, R., & Adams, S. F. (15) 1929 1000 
Fitz, R. (16) 1930 1529 
Wendt, L. F. C., & Peck, F. B. (17) 1931 1073 
Murphy, F. D. (18) 1931 827 


It can be seen from the above data that in a group of 8,520 diabetics the 
incidence of pulmonary tuberculosis was approximately 2.6 per cent. If 
the tuberculosis morbidity rate is calculated by multiplying the mor- 
tality rate by 10, as suggested by Krause (19), the average mortality rate 
between 1920 and 1929 inclusive, 79 per 100,000, would indicate the 
morbidity rate from pulmonary tuberculosis as 0.79 percent. Comparing 
this figure with the average incidence given above, it seems that tubercu- 
losis occurs about three times more frequently in diabetics than in the 
general population of the United States. Curschmann (20) found pul- 
monary tuberculosis in 4 per cent of the diabetics seen by him between 
1923 and 1926. Golden (14) reported that, while of 1,997 necropsies, 
the total number performed at the Presbyterian Hospital, New York 
City, between 1908 and 1925, pulmonary tuberculosis was found in 13 
per cent of 53 necropsies, on diabetics pulmonary tuberculosis was 
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seen in 14, or 26 per cent, that is, pulmonary tuberculosis was found 
twice as often in diabetics as in unselected nondiabetic cases. 

It is reasonable to consider the frequency of tuberculosis in diabetics 
between the older estimate which was extremely high and the low point 
of the estimate of some recent publications disclaiming an increased 
incidence. Such a conception will only strengthen the vigilance and 
diagnostic consciousness when dealing with diabetics. And how neces- 
sary is this intensified observance for tuberculosis in this condition, 
nothing shows better than the comparison between thenumber of tubercu- 
lous diabetics under sanatorium care and the estimated number of dia- 
betics having tuberculosis. There are upward of a million diabetics in 
the country alive to-day: of these there must be approximately 26,000 
suffering with tuberculosis; still the percentage of diabetics treated in 
sanatoriums is only from of 1 to 0.59 per cent. 

The cause of increased incidence of tuberculosis in diabetes is not 
known. Hyperglycaemia as predisposing factor, favoring the develop- 
ment of tubercle bacilli, has been often mentioned, but there is no scien- 
tific evidence to this effect. In all probability a complexity of factors, 
debilitating the vital balance of the body and allergic response of tissue 
cells, are contributing to such a result. 

Tuberculosis may complicate mild or severe forms of diabetes. In 
our cases the fasting blood-sugar varied from 163.9 to 500 mgm. per cent, 
and concentration of urinary sugar from 0.5 to over 10 per cent. In 
some patients there were no symptoms suggestive of diabetes, others 
showed several of the well-known symptoms, and one arrived at the 
institution in semicoma. 

For the proper understanding of the problem of the combination of 
these two diseases it must be approached from two different angles. 
First, the effect of tuberculosis upon the carbohydrate metabolism should 
be studied; second, the influence of diabetes upon pulmonary tubercu- 
losis should be analyzed. 

That toxaemia causes a decrease in carbohydrate tolerance has long 
been known. Sweeney and Lackey (21) showed that in rabbits made 
toxic with diphtheria toxin there was an increasing inability to remove 
glucose from the blood. There appeared to be a quantitative relation- 
ship between the intensity of the toxaemia and the impairment of the 
rabbits’ tolerance for sugar. Rabuchin (22), studying blood-sugar 
changes in 34 rabbits and 30 guinea pigs rendered tuberculous by inocu- 
lation, found hypoglycaemia during the first two weeks that became 
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worse, returned to normal, or developed into hyperglycaemia during the 
later course of the disease. The postmortem examination of animals 
dead of tuberculosis revealed that there is a tendency to productive- 
proliferative processes in the pancreas, with atrophy and necrosis of the 
lobuli and contraction and sclerosis of the islands of Langerhans resulting 
in hypofunction of the pancreas. Furthermore, the liver showed a very 
low glycogen content, the latter being the result of the increased metab- 
olism caused by absorption of toxins or, as has been shown by Lawrence 
(23), by a shortage of insulin. Rabuchin (22) reports that the blood- 
sugar was below 80 mgm. per cent in 12.3 per cent of pulmonary-tubercu- 
losis cases in Turban’s first and second stage and in 22.4 per cent in Tur- 
ban’s third stage. Six per cent of the cirrhotic, 25.5 per cent of the pro- 
ductive-nodular, and 28.8 per cent of the exudative cases showed the 
same low blood-sugar. 

Rabuchin thinks that the cause of a tendency to hypoglycaemia in 
advanced exudative cases may be an increased carbohydrate oxidation or 
poor glycogenesis. Following the administration of glucose orally or in- 
travenously, he observed a rapid, sharp and higher-than-normal rise in 
the blood-sugar, followed by a slower return to its original level than 
seen in normal persons. The adrenalin-glucose curve, after the intra- 
venous injection of 0.02 mgm. or subcutaneous administration of 0.7 
mgm. of adrenalin, was marked by a lesser increase in blood-sugar in 
extensive progressive tuberculosis than in healthy individuals. These 
findings point to a possible anatomical damage of the liver, as emphasized 
by Kugelmann (24), who found a low adrenalin-glucose index in patients 
with severe parenchymal lesions of the liver. Ritzman (25) is of the 
opinion that the adrenalin-glucose curve is proportionate with the glyco- 
gen content of the liver and that a flat curve in advanced tuberculosis is 
suggestive of low liver glycogen. 

Hecht (26) observed hypoglycaemia in nondiabetic tuberculous pa- 
tients. Rabuchin (22) noted that amylase, which splits glycogen into 
maltose which in turn is changed into two molecules of glucose by mal- 
tase, is increased in the blood of tuberculous patients, particularly in far- 
advanced decompensated cases. Grinew and Switalskaja (27) saw hypo- 
glycaemia in chronic and hyperglycaemia in acute forms of tuberculosis 
in rabbits. Axhausen (28) cites Berg, Alenstiel, Unverricht, Landau and 
Glogauer who found normal blood-sugar values in the tuberculous. His 
own observations indicate that the blood-sugar varied between normal, 
hyperglycaemic and hypoglycaemic levels with no relation to the clini- 
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cal or anatomical type of the disease. Naunyn (5) mentions that retro- 
gression of glycosuria, as a result of acute febrile infections, may occur. 
He states, furthermore, that in chronic infections, such as tuberculosis, 
glycosuria may disappear not only in cachexia but while nutrition is good. 
Joslin (11) mentions that a surprising increase in tolerance in diabetics 
means the onset or spread of tuberculosis. Lundberg (29) obtained 
hypoglycaemic reactions with the injection of tuberculous tissue in mice. 
He also claims an increased tolerance to carbohydrates in the tuberculous. 
On the other hand Rosenberg and Wolf (9) from a study of 40 diabetics 
with pulmonary tuberculosis of a total of 1,000 diabetics came to the 
conclusion that the decrease of glucose tolerance when tuberculosis 
develops is typical. This lowered carbohydrate toleration is in all 
probability the result of toxaemia causing an impairment of the ability 
of the organism to store carbohydrates or an increase in the glycogenoly- 
tic function of the body (30). Lawrence and Buckley (31) thought that 
increased glycogenolysis may result from the stimulation of the thyro- 
adrenal apparatus by the toxins, while Sweeney (32) proved in animal 
experiments that toxaemia suppresses the endogenous production of 
insulin. 

Still it is interesting to find that Futcher (3) says that, with the prog- 
ress of the tuberculous process, glycosuria often diminishes, or may 
entirely disappear, and it is mentioned by Joslin (11) that it has re- 
peatedly come to his attention that diabetes, even of the severest grade, 
practically disappeared when tuberculosis intervened and reached an 
advanced stage. It is assumed by Lundberg (29) that the apparent 
favorable effect of tuberculosis upon diabetes is due to the production of 
an insulin-like substance (parainsulin) in tuberculous tissue. 

Most authorities on this subject agree that tuberculosis complicating 
diabetes often has an insidious onset and larvad atypical forms. Un- 
usual, subapical or perihilar localization is frequent, and bronchopneu- 
monic lesions dominate the picture. Of the 40 cases of Rosenberg and 
Wolf (9) 27 had overwhelmingly exudative types of the disease, six had 
mild, seventeen had severe, and four had moderately severe diabetes; 
of the 13 fibrotic cases, ten had mild and three moderately severe dia- 
betes. Of their 45 patients with diabetes and tuberculosis Sosman and 
Steidl (33) found healed apical lesions with fibrosis and calcification in 16, 
adult apical tuberculosis in 8, and hilum or unsensitized parenchymal 
lesions in 21. These figures are in decided inversion to the usual fre- 
quency. According to their observations the roentgenographic appear- 
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ance of the disease is very suggestive of the type of tuberculosis seen in 
children or unsensitized individuals. To this hilum form of tuberculosis 
occurring in persons over 45 years of age who also have diabetes they 
gave the name of diabetic tuberculosis. 

Similar observations were made by Allison (34). Hestates that almost 
invariably the typical picture of tuberculosis in the unsensitized animal 
was seen in diabetics; in some the process spread with the greatest rapid- 
ity, while some of the most marvelous cures were recorded in these dia- 
betics with rapidity spreading pneumonic tuberculosis. Of the 11 cases 
of Curschmann (20) six showed acinonodular, three fibrotic, and two 
exudative-caseous lesions. Of our 31 patients, four were admitted with 
moderately advanced and 27 with far-advanced pulmonary tuberculosis. 
Four had granuloexudative, 17 exudative lesion with caseation, 8 exuda- 
tive lesions with fibrosis, and two fibrotic lesions. Of the total, the adult 
type occurred in 16, bilateral perihilar in 7, unilateral perihilar with no 
disease on the other side in one, and in seven perihilar tuberculosis on 
one side and the adult type on the other. 

It is frequently mentioned that these intrapulmonary lesions are very 
often not at all followed by subjective or objective symptoms. The 
physical signs may be meagre, at times only slight impairment of reso- 
nance and diminished breath-sounds over a circumscribed area, or entirely 
lacking. The characteristic feature of such perihilar infiltration is not 
so much its localization as its bronchopneumonic structure. Whether 
its development is due to tuberculotoxins or tubercle bacilli themselves 
is not exactly known. This bronchopneumonic infiltration may undergo 
complete resolution or fibrotization, with or without calcification. It 
may spread through the bronchi, lymph or blood-vessels to the surround- 
ing pulmonary areas, or progress to caseation, softening and cavity- 
formation. The absence of physical signs, even in certain cases of 
cavities, can be explained by the fact that often the central parts of the 
lungs, where these lesions are localized in their incipiency, can not be 
explored by percussion or auscultation. In the presence of respiratory 
or constitutional symptoms or signs, pulmonary tuberculosis should 
never be excluded until a technically acceptable roentgenogram proves 
the absence of the disease. 

We noted in some of our patients the lack of rales over infiltrated areas 
seen on the roentgenogram. But in the majority of cases there was no 
gross discrepancy between physical findings and the roentgenogram. 
This is explainable by the fact that most of these patients entered the 
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institution with far-advanced tuberculosis. On the other hand, cavities 
that were easily visualized on the roentgenogram often escaped detection 
on physical examination. The incidence of cavities was rather high. 
A single cavity was found in nine and multiple cavities in 14 cases, that 
is, altogether in 74 per cent. Perihilar infiltration with cavity-formation 
occurred in 9 patients. 

The insignificance and irregularity of subjective symptoms, an ap- 
parent well-being with considerable active pulmonary process is so 
common that Joslin (11) emphasizes that “one should always be on the 
watch for tuberculosis, taking for granted that it will not appear in an 
open manner, and therefore making complete physical examination of 
all diabetics when the interval since the last visit is four weeks.” The 
cause of the absence of symptoms in early “diabetic tuberculosis’’ is 
not definitely determined. We think that the following three factors 
may be taken into consideration: First, ‘“‘perihilar infiltration” (Redeker) 
surrounding a focus in a tuberculous intrathoracic lymph node, or “lung 
infiltration” (Redeker) developing around an old intrapulmonary focus 
are often seen in nondiabetic patients with insidious, practically asymp- 
tomatic onset and inconclusive physical signs. 

Second, allergy is unquestionably the result of infection with tubercle 
bacilli; the complexity of anatomicopathological changes, alteration in 
the reactibility of fixed and nonfixed tissue cells, clinical and subjective 
symptoms, findings detectable by physical or roentgenological examina- 
tion are the manifestations of the existence of allergy within the body 
suffering with tuberculosis as a disease. Subjective and objective symp- 
toms vary with changes in the allergy. Any condition that may upset 
the allergic balance or increase it in the direction of constructive defense 
will influence some or all of thesymptoms. And if the diabetic individual 
is considered an acidotic individual, as suggested by Beckman (35), even 
though at all times he may not be showing ketone bodies in the urine, 
and if acidosis is liable to mitigate or suppress certain allergic responses, 
it is easily understandable why we may not see the characteristic symp- 
toms of tuberculosis when this disease develops in diabetics. 

Third, as to the influence of age upon the course of tuberculosis. It 
was pointed out in a previous paper (36), on the basis of the study of 124 
cases over 50 years of age, that pulmonary tuberculosis in the aged fre- 
quently has a latent course and a benign clinical picture. Morphological 
changes throughout the body characteristic of this age-period are con- 
tributory to this result. The lymphatics of the lungs, with a concomi- 
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tant atrophy on the part of the lymphatics throughout the body, be- 
come less permeable, creating a mechanical barrier against the spread of 
the infection. The structure of the lymph nodes is characterized by 
comparatively large amounts of fibrotic tissue. It has been proved that, 
the narrower the lymphatics are, the less are the chances for the passage 
of infectious microérganisms through them and for the dissemination 
of the infection throughout the body. Compared with other periods of 
life, such as infancy, childhood and early adult life, when the lymphatics 
are relatively wide open, it can be said that, considering the lymphogenic 
spread of tuberculosis, the aged are more resistant to this disease than 
are human beings at the earlier ages of life. It has been observed by 
several investigators that there is, in general, less tendency toward in- 
flammatory processes and exudation and a more marked tendency to- 
ward proliferative changes, fibrosis and calcification than in the young. 
Febrile reactions are not as common in the aged as in the earlier age- 
periods, due to a lessened and slower absorption of toxins through the 
narrowed lymphatics, to imperfect transmission of peripheral stimuli 
toward the thermoregulating centre, and to a lessened irritability of the 
same centre. It has frequently been our observation that fever was 
absent in old patients with extensive progressive tuberculous lesions. 
The eventual absence of cough and expectoration can be explained by 
the lessened irritability of the bronchial mucous membranes and by the 
fact that aged people are inclined to swallow their sputum. Of 124 
patients 26 had minimal or no loss of weight. On admission these 
patients appeared well nourished, despite their suffering with a manifestly 
active, extensive pulmonary tuberculosis. Aged people with marked 
tuberculosis may preserve their good physical appearance and carry on 
some occupation without great discomfort for a long time. The con- 
sideration of the above fact is of great importance because of the fre- 
quency of diabetes and tuberculosis in the aged. Joslin (11) considers 
tuberculosis in diabetes a complication of later life. He found that the 
average age at onset of diabetes in those patients who developed tuber- 
culosis was forty-five years and the sixth decade the period of the great- 
est frequency. Of.127 diabetics with tuberculosis 52, or 40.9 per cent, 
were fifty years of age or older at the onset of diabetes. A similar age- 
incidence was reported by Adams (37) and by Fitz (16). In our group 
the average age on admission was 42.2 years; 10 patients, or 32.2 per 
cent, were fifty years of age or older, the oldest being 68; one patient was 
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under 20; five were between 20 and 29; eight between 30 and 39; and 
seven between 40 and 49. 

Contrary to the above conception with regard to the symptomatology 
and physical diagnosis, Fishberg (39) states that there is no basis for the 
supposition that the symptoms or signs of pulmonary tuberculosis differ 
materially in diabetics from those with normal sugar metabolism. Fitz 
(16) also found that most of his cases developed in a short time following 
the onset the common physical signs of tuberculosis. In the group 
studied at this institution the temperature on admission was found nor- 
mal in eight, between normal and 38°C. in 14, and over 38°C. in 9 cases. 
The pulse-rate recorded at the same time varied between 88 and 136 per 
minute, being over 100 in 22 patients. The appetite was poor in 19, good 
in 9, and ravenous in three. Night-sweats occurred in 9, or 29 per cent. 
Loss of weight, varying from a few to 55 pounds, was present in all. 
The frequency and intensity of other symptoms is indicated in table 2. 


TABLE 2 


NONE SLIGHT MODERATE MARKED 
SYMPTOMS 


Number|Per cent|Number}Per cent}Number/|Per cent 
1 7 22:6 | 19 | 621.3 4 | 12.9 
19 | 61.3 4 12.9 22-6 1 


No thoracic pain was complained of in 13 cases, while 18 had so called 
pleurisy pains. Before drawing any conclusions from these data one 
must keep in mind that the overwhelming majority of these patients 
had far-advanced pulmonary tuberculosis at the time of admission. It 
is not surprising that reports from other institutions caring for the same 
type of patients of the same social status indicate the prevalence of 
symptoms. Still it seems that a word of warning against generalization 
is justified. All patients, before reaching far-advanced, pass through 
the minimal and the moderately advanced stages, and it is conceivable 
that in these two stages the patients may present inconspicuous, vague 
or no symptoms at all. It is reasonable to assume that the great diver- 
gence of opinion as to symptoms is due to analyses of different types of 
cases or cases in different stage of the same type of lesion. No compari- 
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son or evaluation is competent unless all such factors are given due 
attention. 

Winternitz (39) mentions that fever and night-sweats are surprisingly 
rare. He also points out the rarity of haemoptysis. Von Noorden (6) 
saw haemoptysis in 12 per cent of his cases. Curschmann (20) observed 
night-sweats in 50 per cent, and found that cough and expectoration are 
often slight, and that fever is usually absent or low except in severe 
exudative cases. On the other hand, he denies the fact that profuse 
haemoptysis is infrequent. Haemoptysis was often seen in diabetes 
with tuberculosis by Landis, Funk and Montgomery (1). The observa- 
tions of Schmidt (40) throw additional light on the problem of fever in 
these patierits. He found that the pyrogenetic activity, that is, fever 
following parenteral protein injection, is markedly decreased in diabetes. 
That there is only slight fever or no fever at all following subcutaneous 
injection of tuberculin is suggestive of the same fact. 

Studying the duration of diabetes and tuberculosis in our group we 
noticed that diabetes was detected on admission in 8, under one year 
before admission in 9, between one and five years in 10, between six and 
10 years in 3, and over ten years before entrance in one. Symptoms of 
tuberculosis were present or tuberculosis was diagnosed under one year 
before admission in 24, between one and five years in 4, and over ten 
years in two. The history of simultaneous detection of both diseases 
was recorded in 9; the length of time before admission varied from one 
month to 13 years. 

While we did not find difficulty in ascertaining the presence of seo 
monary lesions in our patients, evidently due to the advanced stage of 
the disease, we fully appreciate the necessity of roentgenological study 
of every suspected diabetic, as accentuated by Joslin and others. In the 
aged, percussion and auscultation are often inadequate means for the 
detection of tuberculosis. The transmission of resonance from distant 
portions of the lungs, caused by the rigidity of the thorax and the ossi- 
fication of costal cartilages, greatly diminishes the value of percussion. 
By this procedure senile and coilateral emphysema may prevent the de- 
tection of infiltrated areas, even of considerable size. It is not infre- 
quent to find roentgenological evidence of an extensive lesion in a case 
without any change in the percussion sounds whatsoever. 

The scarcity of tubercle bacilli in the sputum of tuberculous dia- 
betics was often reported by older authors. Von Noorden thought this 
due to a preponderance of other bacteria in the sputum. This concep- 
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tion however does not hold true according to more recent investigations. 
Curschmann (20) found positive sputum in nine out of 11 and Landis, 
Funk and Montgomery (1) in ten out of 12 cases. In our group it was 
27 out of thirty-one. 

The determination of fasting blood-sugar in suspected cases is of 
extreme value. Hyperglycaemia, as a manifestation of true diabetes 
without glycosuria, is more frequent than is generally realized. John 
(12) cites 200 such cases, the highest blood-sugar without sugar in the 
urine being 310 mgm. per cent. Leucocytosis, varying from over 10,000 
to 21,000, was seen in 12 patients. This figure may appear rather low 
in view of the recent researches of Boldyreff (41), who described the 
“pancreatic triad,” that is, the presence of hyperglycaemia, leucocytosis 
and decreased coagulability of the blood in diabetics. Curschmann 
(20) saw a slower sedimentation rate of the red blood cells in diabetics 
with tuberculosis than found in the nondiabetic tuberculous. In our 
group the sedimentation test was performed in 25 cases. Of this num- 
ber a slower sedimentation rate than would have been expected accord- 
ing to the extent and type of the lesion was observed only in 3 patients. 
Case 4, 43 years old, with fibrotic tuberculosis throughout both lungs, 
with honeycombing in right apex and a cavity at the level of left clavicle, 
had a sedimentation rate of 107 per cent. Case 14, 38 years old, with 
peribronchial infiltration from the hilum to the periphery on the right, 
parenchymal infiltration throughout and cavity below the clavicle on 
the left side, showed a sedimentation rate of 92 per cent. Case 22, 39 
years old, with light parenchymal infiltration from apex to fourth rib 
and seventh dorsal spine on the right, and caseous infiltration from apex 
to third rib and seventh dorsal spine, scattered parenchymal infiltration 
in the lower half and multiple small cavitations in the upper lobe on the 
left side, had a sedimentation rate of 95 per cent on admission. In cases 
in which repeated tests were done, the sedimentation rate served as a 
useful indicator of the toxicity of the patient and course of the disease 
just as well as we found in tuberculous patients without disturbance of 
the carbohydrate metabolism (42). 


PROGNOSIS 


It is a sad comment, heard now and then, that if a diabetic develops 
tuberculosis in a general hospital he dies of tuberculosis, and that in a 
sanatorium, while his tuberculosis is adequately attended to, he dies of 
diabetes. The general pessimistic idea concerning the prognosis of 
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these cases can be traced to several reasons. First, the late recognition 
of tuberculosis. The more advanced tuberculosis is when diagnosed the 
poorer the chances are for recovery. Second, the late diagnosis of 
diabetes. Third, the haphazard treatment of diabetes. Fourth, lack of 
institutionalization in a tuberculosis sanatorium or in the medical ward 
of a general hospital. Fifth, inadequate treatment of pulmonary tuber- 
culosis, omission of appropriate surgical measures. Sixth, frequent 
tuberculous complications in advanced tuberculosis, such as tuberculous 
enteritis, laryngitis and spontaneous pneumothorax. Seventh, non- 
tuberculous and nondiabetic complications in the last few decades of 
life, such as arteriosclerosis, nephritis, coronary obstruction and chronic 
myocarditis. Eighth, the poor social-economic status of the patient. 

Fitz (16) gives the usual duration of life of a diabetic patient, after an 
active tuberculosis is once discovered, as one year or less in 63 per cent, 
more than one year and less than three years in 23 per cent, and more 
than three years in 13 per cent. He reports only a single case with 
recovery out of his 35 patients. Fishberg (38) says that in a large pro- 
portion of cases tuberculosis in diabetics runs a progressive course, 
leading to a fatal termination, which could be expected a priori, consider- 
ing that both are wasting diseases. A similar opinion was expressed by 
Winternitz (39). The extensive experience of Joslin (11) offers a more 
encouraging viewpoint. The duration of life as recorded and 1 series 
of cases cited by him demonstrate that tuberculosis and diabetes are 
compatible with a useful life and a fair degree of health. Diet and arti- 
ficial pneumothorax were applied in the case of Bernard and Salomon 
(43) with complete recovery. Lenoir and Scherrer (44) report a case 
with healing under insulin and artificial-pneumothorax treatment. 
Nine of the 12 patients of Landis, Funk and Montgomery (1) showed 
improvement of their pulmonary and general condition on special diet 
without insulin. Umber (45) and Weskott (46) saw excellent results by 
the use of diet and insulin. Wendt and Peck (17) state that these pa- 
tients do very well as soon as the diabetes is controlled and an adequate 
diet with rest is provided. Boswell (47) points out that the prognosis 
of tuberculosis complicating diabetes is fairly favorable, when the treat- 
ment is directed to the primary disease rather than the complication. 
Two of his three cases treated by dieting alone became arrested. Cursch- 
mann (20) is of the opinion that the combination of these two diseases 
can be successfully treated by diet alone or by diet and insulin while 
proper attention is given to the pulmonary condition. 
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Of our 31 patients ten died, ten were classified as unimproved, five 
improved, two became quiescent, and four apparently arrested. 


TREATMENT 


Both tuberculosis and diabetes, to be treated successfully, necessitate 
considerable self-discipline and proper management. Institutionaliza- 
tion in tuberculosis sanatoria with competent medical supervision is the 
most appropriate approach toward the cure of these patients. A large 
percentage of these cases can be well treated with proper diet and neces- 
sary measures for checking the tuberculous process, as was done in 11 of 
our patients. Tuberculous disease of the lungs involves a diminution of 
the respiratory competency in proportion with the loss of alveolar areas 
due to tubercle, exudate, or fibrous-tissue formation, and to a secondary 
decrease in the unit-volume of blood delivered to the lung tissue through 
the capillaries. As contributory factors to the diminution of vital capac- 
ity, pleural adhesions, loss of elasticity, reflex inhibition of the respiratory 
motions, and lobular atelectasis caused by obstruction of bronchioli by 
accumulated viscid mucus must also be considered. The more the 
disease progresses and the more the respiratory units are diminished, 
the less air can be taken up by an increased depth of respiration and the 
more air is inhaled by an increased respiratory rate. Furthermore, it is 
known that in febrile cases the metabolism is increased. In analyzing 
50 patients with moderately or far-advanced pulmonary tuberculosis we 
found that 21, or 42 per cent, showed increase in the metabolic rate. 
Increased metabolic rate involves more oxygen intake and carbon-dioxide 
elimination. The importance of the influence of diet upon the respira- 
tory exchange is not generally know. McCann (48) found that for one 
unit of heat produced from glucose there is a production of nearly 30 
per cent more carbon dioxide than would have been evolved if the same 
energy had been obtained from fat. In this case not only the increased 
volume but also the faculty of carbon dioxide to act as respiratory stimu- 
lant must be kept in mind. Seventy grams of protein increase the 
metabolism and ventilation about 25 per cent, 140 gm. of fat will in- 
crease pulmonary ventilation and metabolism 12 per cent, while a 60 
per cent increase in pulmonary ventilation was found after the ingestion 
of 100 gm. of cane-sugar. The final advice of McCann (48), aiming at 
the maximum rest of the lungs, is “that satisfactory nutrition may be 
attained by the use of moderate quantities of protein (60 to 90 grams 
per diem) with use of fat up to the limits of digestive capacity, and suffi- 
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cient carbohydrate to bring the total caloric value of the diet to from 
2500 to 3000 calories.” He suggests to set one-fifth of the total calories 
as the minimum for the proportion of carbohydrate in the diet. Such a 
diet, while producing the least demand upon the function of the damaged 
lung, is ideal from the standpoint of diabetes, though it was suggested 
by Greenwald, Gross and Samet (49) that fat has a definite influence in 
lowering glucose tolerance. Richardson (50) does not consider too high 
a fat diet desirable in diabetes because large amounts of fat are not well 
absorbed and leave the body. unassimilated. 

There is no doubt that the introduction of insulin effected a profound 
change in the treatment and course of diabetes. The same holds true of 
diabetes complicated by tuberculosis. Some authors claim that insulin, 
due to its protein content, may cause focal reactions. Westkott (46) 
cites slight leucocytoses and increased sedimentation rates as additional 
evidence of focal reactions following insulin injections. Blum and 
Schwab, Veiel and Fraenkel (51) observed focal reactions and that the 
pulmonary process became worse while insulin was administered. Simi- 
larly unfavorable effects were seen by Schemensky (52). On the con- 
trary, Umber (45) and Rosenberg and Wolf (9) think that “overinsulin- 
ization” may change an exudative into a productive-fibrotic lesion. 
Curschmann (20) and a number of American and continental authors 
warmly advocate the use of insulin in the tuberculous diabetic. 

Insulin was used in 20 of our patients, the dosage varying from 10 to 
70 units in 24 hours. We have never seen the insulin do any harm and 
are feeding the patients with high caloric diets, giving insulin enough to 
keep them sugar-free. We think it preferable to give a qualitatively 
and quantitatively adequate diet with insulin than to lower the pa- 
tient’s immunity, resistance and defense by overrestricting his diet 
while not giving insulin. The dosage is calcuiated on the basis of amount 
of sugar in the urine and blood. It is an unnecessary precaution to 
start with very small doses to avoid focal reaction. Insulin dosage is 
often hard to manage because of the effect of toxins decreasing the carbo- 
hydrate tolerance by their depressing action upon the islands of Langer- 
hans and stimulating influence upon the metabolism that in turn also 
decreases the carbohydrate tolerance, and because of the capricious appe- 
tite that may cause an abstinence from food resulting in an insulin 
shock. Education and continuous observation of the patient, with 
special attention to all symptoms of tuberculosis, diabetes and hypogly- 
caemia, frequent urinalyses and blood-sugar determinations are essential 
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parts of the care of these patients. In general, we followed the principles 
outlined by Joslin (11), John (12) and others: (1) the blood sugar must 
be brought to, or near, normal; (2) determine whether or not an appro- 
priate and comfortable diet alone will restore and keep the blood sugar 
normal; (3) if diet does not suffice to establish normal glucose balance, 
give required amounts of insulin arranged in proper relation to the diet. 

With the combination of diet and insulin, diabetes complicated by 
tuberculosis can be treated with satisfactory results, while the course of 
tuberculosis is not more unfavorable than that of the nondiabetic tuber- 
culous. Gain in weight, return of febrile temperature to normal, dis- 
appearance of toxic symptoms, cough and expectoration, sputum chang- 
ing from positive to negative, and roentgenological evidence of healing 
were seen in a number of our cases. 

Naturally, all patients were kept under strict sanatorium regimen and 
given local treatment whenever indicated. One patient had artificial 
pneumothorax, one bilateral artificial pneumothorax and three phrenic- 
nerve block. 


SUMMARY 


1. An analysis of 31 cases suffering with diabetes mellitus complicated 
by pulmonary tuberculosis is presented. 

2. Of 5,224 patients admitted since January 1, 1923, 0.59 per cent were 
found to be diabetics. 

3. The incidence of tuberculosis in diabetics, according to the com- 
posite data of Golden, Joslin, Wilder and Adams, Fritz, Wendt and Peck, 
and Murphy, based on the observation of 8,520 patients, is 2.6 per cent, 
that is, about three times higher than the average tuberculosis morbidity 
in the United States between 1920 and 1929 inclusive. 

4. Tuberculosis may complicate mild or severe forms of diabetes. 

5. Tuberculosis complicating diabetes often has an insidious onset and 
larvad, atypical forms. Unusual, subapical or perihilar localization is 
frequent; bronchopneumonic lesions dominate the picture. 

6. The cause of lack of symptoms and absence of physical findings in 
early cases may be sought (1) in the nature and localization of the dis- 
ease, (2) in the fact that acidosis is liable to mitigate or suppress allergic 
reactions, and (3) that in the aged (40.9 per cent of Joslin’s diabetic 
tuberculous cases were 50 years or older) the symptoms of tuberculosis 
are often inconspicuous and the physical signs hard to detect because of 
physiological changes characteristic of this age-period. 
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7. In the presence of respiratory or constitutional symptoms or signs 
or when diabetes is well under control and the patient is still not doing 
well, the presence or absence of pulmonary tuberculosis must be ascer- 
tained by means of stereoscopic roentgenograms. 

8. When the pulmonary disease reaches advanced stages symptoms 
become more manifest and physical signs more easily detectable. 

9. Twenty-seven patients showed tubercle bacilli in their sputums. 

10. The clinical value of the red-cell sedimentation test is as great in 
diabetics as in patients with normal carbohydrate metabolism. 

11. The course of tuberculosis in these cases is not necessarily fatal 
if diabetes and tuberculosis are properly treated. 

12. Of our 31 patients ten died, ten were classified as unimproved, five 
improved, two became quiescent, and four apparently arrested. 

13. Institutionalization is an essential part of the treatment. Special 
emphasis should be laid upon (1) diet, (2) insulin and (3) surgical measures. 

14. We have never seen insulin cause any focal or constitutional 
reaction. 

15. The indications and contraindications for surgical intervention are 
the same as in nondiabetic patients. Of our own group one patient was 
treated by artificial pneumothorax, one by bilateral artificial pneu- 
mothorax, and three by phrenic-nerve block. 
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PULMONARY TUBERCULOSIS COMPLICATING 
DIABETES MELLITUS 


HENRY B. GOTTEN! 


Tuberculosis complicating diabetes offers one of the most difficult prob- 
lems confronting the physician. Before the discovery of insulin, coma 
was the most serious diabetic complication, gangrene and cardiovascular 
diseases being only slightly less dangerous. Death from coma is 
now becoming relatively rare, and insulin treatment is rapidly re- 
ducing the mortality rate from gangrene, although the morbidity remains 
high. Since diabetes occurs most frequently in patients of middle age 
or older, the complication of cardiovascular diseases may result from some 
other cause. Acute infections are still dangerous, but they do not present 
a problem so difficult as pulmonary tuberculosis. 

No satisfactory explanation of the development of tuberculosis in 
diabetes has been made. Heredity, race, sex, and occupation seem to 
be aetiologically negligible. Tompkins (1) suggests a lowered resistance, 
caused by the presence of glycerol. A number of writers consider the 
use of insulin a probable factor. None of these explanations, however, 
are based on analysis of a large series of cases studied over an extended 
period of time. 

A study by Tompkins of the incidence of diabetes in tuberculosis re- 
vealed 14 cases in 4,500 patients. This figure substantiates the state- 
ment made by Joslin (2) that diabetes seldom develops in a chronic 
wasting disease. He also stated that mild diabetes often clears up with 
the onset of tuberculosis. On the other hand, he has observed that 
tuberculosis seems to occur with greater frequency in the more severe 
cases of diabetes. Sossman and Steidl (3) made roentgenograms of 
the chest on 182 consecutive patients with diabetes and found active 
tuberculosis in 9 per cent. Fitz (4) reports an incidence of 2.3 per cent 
of active cases. In a recent review of 185 cases of diabetes recorded at 
the Polyclinic (Memphis), 6 active cases of pulmonary tuberculosis, or 
3.3 per cent, were found. 


1 The Polyclinic, Memphis, Tennessee. 
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The average age-incidence of patients suffering with tuberculosis com- 
plicated by diabetes is higher than the age-incidence of those with tuber- 
culosis alone. This is explained, in part, by the fact that diabetes usually 
develops after middle life and that tuberculosis occurring in this age- 
group is more common among patients with diabetes. Sossman and 
Steidl report an age-incidence of fifty-one years in their recently active 
cases. In our own group, the average age was forty-five years, four having 
been over fifty. 

The diagnosis of pulmonary tuberculosis complicating diabetes is 
often difficult, especially when the pulmonary disease is in its incipiency. 


Fic. 1. ADVANCED TUBERCULOSIS INVOLVING HiLa IN DtaBetic PAtTreENT AGED 55 


Loss of weight, weakness and exhaustion are typical symptoms of both 
conditions. Since many of these patients are seen in the advanced stage, 
a careful history will disclose the presence of the two diseases. Thorough 
physical examination should be made in every case of diabetes on account 
of the many and frequent complications. If any of the symptoms are 
related to the pulmonary system, or if the loss of weight is excessive, a 


roentgenogram of the chest is advisable. 

The physical and roentgenological findings in uncomplicated tuber- 
culosis often differ from those of tuberculosis complicated by diabetes. 
In adults, uncomplicated tuberculosis is usually found in the apices 
of the lungs; in the majority of patients over forty years of age who have 
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tuberculosis complicating diabetes, the lesion is found in the hilum. 
This has been called ‘‘diabetic tuberculosis.” The cause of the more 
frequent incidence of tuberculosis in the hilum associated with diabetes 
is not known. In the cases of which Sossman and Steidl made roent- 
genograms this was a common finding, and among our patients we have 
had three in whom the same involvement was observed. The physical 
findings vary with the extent and locationofthelesion. (Figures 1,2 and 3.) 

The correct treatment of this combination of diseases is most important. 
No two diseases ‘require such diligent, constant care and whole-hearted 
codperation between the patient and physician. A high caloric diet, 


Fic. 2. TUBERCULOSIS INVOLVING Hira IN DtaBetic PATIENT AGED 47 


containing 40 to 50 calories per kg. body weight, is essential. Not less 
than 100 gm. should be represented by carbohydrates; the remainder 
of the diet should be balanced between the fats and proteins. When 
insulin is used, from 150 to 200 gm. carbohydrates may be given in twenty- 
four hours. Feedings may be regulated as frequently as the care of the 
patient demands. ‘The diet should be weighed, as accuracy in all phases 
of treatment is essential. 

Repeated blood-sugar determinations should be made in order to main- 
tain the sugar at a normal level. If a blood-sugar is allowed to fluctuate 
near the renal threshold, healing is less rapid than when a normal level 
is maintained. 
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Possibly one reason for the poor results in these cases is that the diabetic 
condition does not receive adequate attention in the average sana- 
torium. We have recently seen three of the patients in our series who 
have been to a sanatorium; in all three the diabetes has been managed 
in a haphazard and unscientific manner. One patient was discharged 
from the sanatorium on account of the diabetes. While he was there, 
insulin was discontinued and he was given the routine diet. 

Insulin is strongly advised and should be given in doses sufficiently 
large to allow the patient an increased amount of carbohydrates. It is 
often necessary to administer the drug four times a day. 


Fic. 3. ADVANCED TUBERCULOSIS INVOLVING Hi1LA IN DIABETIC PATIENT AGED 50 


Onset of pulmonary symptoms about two years after diabetes was discovered. 


The presence of diabetes will in no way interfere with any form of anti- 
tuberculosis therapy. Collapse of a lung, phrenic-nerve avulsion, or 
other forms of surgical treatment may be carried out as indicated, pro- 
vided the diabetes is kept under control. When diabetes is carefully 
regulated, surgery is no more dangerous than in the average nondiabetic 


case. 
The prognosis of tuberculosis complicating diabetes is unfavorable. 


Adams (5) has reviewed the records of 1,000 diabetic patients seen since 
1922 in the Mayo Clinic. In 25 of these a diagnosis of gangrene was 
made; 29 were complicated by acidosis and 10 by pulmonary tuberculosis. 
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Of those suffering from gangrene, 64 per cent are now dead; 34 per cent 
of those with acidosis, and 70 per cent with tuberculosis have succumbed. 
These figures, representing a large series of cases studied over a long time, 
impress upon us the seriousness of this complication. Fitz states that 
86 per cent of his 35 patients have succumbed. ‘Two of the 6 patients 
in our series are now dead, the disease is in an advanced stage in 2, and 
in 2 it is apparently arrested. Of the two patients who succumbed, both 
lived less than one year after discovery of the tuberculosis; both in the 
advanced state discovered the disease less than two years ago; the ar- 
rested cases are now in a sanatorium. 

Patients with gangrene or an acute infection may live for a number of 
years. Many diabetics experience one or more attacks of coma and are 
little the worse for the experience, whereas those with tuberculosis com- 
plicating diabetes will probably succumb in a relatively short time. 


SUMMARY AND CONCLUSIONS 


Pulmonary tuberculosis complicating diabetes is a serious condition, 
carrying a mortality rate of over 50 per cent in the first year after onset. 
These patients apparently have a lower state of resistance than the non- 


diabetics. However, with a most careful course of treatment, embracing 
the use of insulin and a proper adjustment of diet for maintaining ade- 
quate nutrition, many can be restored to health. 
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SOME CONSIDERATIONS OF THE NUTRITION PROB- 
LEM IN PULMONARY DISEASE}? 


With Special Reference to the Influence of Accessory Food Substances 


BURGESS GORDON anv EN SHUI TAI 


It would be helpful in the study and treatment of pulmonary tubercu- 
losis if the relative importance of rest, climate and diet could be deter- 
mined with some degree of certainty. Observations are difficult because 
of various influences; as, for example, satisfactory rest and relaxation are 
rarely experienced because of nervousness, worry and psychological 
aspects peculiar to tuberculosis. Equitable weather for comparison 
with climate of wide variation is possible in comparatively few instances. 
The specific effects of diet may be lost because of cough, failure of appe- 
tite, organic change or disturbance in the larynx and gastrointestinal 
tract. Similar questions arise in the study of asthma, bronchitis and 
bronchiectasis. It would appear that the closest approach to critical 
investigation is in dietetic observation. At least the majority of patients 
are tempted with palatable food whereas there may be indifference to 
routine rest or change of climate. 

In view of this situation an attempt has been made at the Chest 
Department of the Jefferson Hospital during the past four years to 
determine the type and quantity of food consumed by individuals before 
and after the onset of pulmonary disease. The dietaries of so called con- 
tact tuberculous cases (children and adults) were also studied. Ina pre- 
liminary report (1) it was noted that the caloric intake of the majority 
of individuals, one to two years before the occurrence of demonstrable 
tuberculosis, was unusually low (frequently less than 800 calories). The 
most striking reduction was in the amount derived from dairy products 
and fresh vegetables. The consumption of meat, fish, bread and pastry 
was relatively high. In most instances the dietary habits were acquired 


1 From the Medical Service of Dr. Thomas McCrae and the Department for Diseases of the 
Chest, Jefferson Hospital, Philadelphia, Pennsylvania. A part of the expense for this in- 
vestigation was defrayed by a grant from the Lessing J. Rosenwald Fund. 

2 Presented before the Clinical Section at the twenty-seventh annual meeting of the 
National Tuberculosis Association, Syracuse, New York, May 14, 1931. 
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during health because of fads or fancies or changes in occupation. The 
figures in children usually indicated a maintenance intake but there was a 
marked deficiency in foods ordinarily considered as rich in accessory sub- 
stances. In the majority of adults the weight levels for one to two years 
had been from 15 to 30 per cent below the expected normal and in children 
about 10 per cent below normal. Acute respiratory infections were 
especially common in individuals with decided malnutrition. In patients 
with asthma there was a less striking reduction in the total intake, but the 
elimination of certain foods because of protein (sensitivity) reactions was 
not infrequent. A reduction in the total calories in bronchiectasis and 
chronic bronchitis was similar to the tuberculous group. 

Although the findings indicated generally that lack of calories was the 
predominant feature, the figures in children and certain manifestations 
suggested vitamine and mineral deficiency. The observations of Wol- 
bach and Howe (2), who found changes in the epithelium of the respira- 
tory tract in vitamine-A deficiency, the favorable effects of codliver 
oil and tomato juice in intestinal tuberculosis, as reported by McConkey 
(3) and Smith (4), the observations of Hess (5) and others that vitamine 
D is a factor in calcium metabolism and the work of Eijkman (6) on the 
antipolyneuritic vitamine B, emphasized the need for further study. 
Accordingly, since December, 1929, more than 900 adult patients with 
various respiratory diseases were observed as follows: A group of ambula- 
tory tuberculous and nontuberculous (asthma, bronchitis, bronchiectasis) 
and a group of tuberculous patients at rest in bed received a caloric intake 
considerably higher than had been used previously. These represented a 
control series. To similar groups, but without change in the caloric in- 
take, were administered various accessory food substances.? The pa- 
tients received physical and roentgen-ray examinations at frequent inter- 
vals and a careful tabulation was made of the occurrence of symptoms. 
In comparing the effects of these various dietaries in the tuberculous 
patients, it seemed in malnutrition, with duration of about one year, 
that an increase in caloric intake favored a gain in body weight. How- 
ever, in malnutrition of longer duration, especially in tuberculous patients, 
the supplementary feeding of codliver-oil concentrate influenced appar- 


* The accessory substances employed were vitamines A and D in the form of codliver-oil 
concentrate (White’s), dosage 3 to 12 tablets daily, equivalent to 1 to 4 teaspoonfuls of cod- 
liver oil; domestic brewer’s yeast and imported brewer’s yeast with manganese (Chapelle- 
ogenase) 2 to 6 pills daily; minerals in the form of powdered whey, 4 to 6 tablespoonfuls 
(the mixture contained sugar and chocolate and was dissolved in milk or water) daily. 
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ently the deposition of fat. A reduced incidence of intercurrent respira- 
tory infections was noted in the majority of tuberculous patients who 
gained following an increased caloric intake or after the usual intake to 
which accessory substances had been added. Similar results were ob- 
tained in patients with bronchiectasis and bronchitis. There were no 
striking changes in the asthmatic group. The effects of mineral concen- 
trate on the nutritional level and manifestations were inconstant except 
in a few patients unable to take milk. In these apparently there was a 
decrease in cough and expectoration. The use of domestic brewer’s 
yeast had no definite effect on nutrition or manifestations but, curiously 
in asthma, the imported variety containing manganese seemed effective 
in reducing the number and severity of attacks. So far as determined 
there was no instance suggesting that high caloric intake or the supple- 
mentary feeding of accessory food substances influenced specifically the 
deposition of lime salts or fibrous tissue in the lungs. Such changes as 
occurred would be expected in the ordinary process of healing. 

Obviously the use of codliver-oil concentrate may have improved the 
condition of the epithelium in the respiratory passages and thus reduced 
the incidence of intercurrent infection. It is possible also in patients with 
a long history of undernutrition that gain in weight was due to restoration 
of vitamine reserve and the utilization of accessory food substances. The 
possibility that vitamine B exerted an antipolyneuritic influence should 
not be disregarded. However important these influences appear, the 
highest degree of resistance to pulmonary disease and the greatest free- 
dom from manifestations were present before malnutrition occurred. It 
was equally true that individuals who gained in body weight suffered less 
frequently from untoward manifestations. A rather typical course is 
illustrated in the events of an underweight female patient (7) with signs 
and symptoms characteristic of moderately advanced pulmonary tuber- 
culosis. With an elevation in the temperature of the day from 40° to 60° 
F. and an increase in humidity of 55 per cent in 24 hours there was 
sweating and decreased urination. This was followed closely by de- 
creased expectoration and a few hours later by an elevation of body 
temperature (up to 1°F. above the level usually experienced), pain in 
the chest, blood-streaking, constipation and weakness. In comparing 
this with the picture six months later, after there had been a gain of 19 
kg. in body weight, it was found that untoward manifestations were 
rarely experienced, although there had been no striking change in the 
tuberculous process. These data may suggest that dehydration in 
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malnutrition is a factor in the occurrence of certain manifestations. 
In the state of overnutrition it is possible that infection is “carried” 
with less untoward effect because of the unusual cooling and insulation 
properties of a large body surface and an ample fluid reservoir to meet 
sudden loss during rapid elevations in humidity and temperature. If 
this hypothesis is correct it may explain why certain obese individuals 
escape demonstrable tuberculosis and why manifestations do not occur 
in others until after there has been a considerable loss of weight. Very 
obviously the relationship of nutrition to immunity is not clear. It 
would be difficult to prove, for instance, that loss of weight preceding 
the onset of tuberculosis was not caused by a smouldering infection 
rather than the result of change in dietary habits as the data appar- 
ently indicated. In any event it is not unlikely that the chief value 
from the dietaries used in this study was the influence in deposition of 
fat and development of greater surface area. This would suggest that 
the first and most helpful plan in dietetic management and prevention 
of pulmonary disease is to provide diversified food of high caloric 
value. In deficiency states, especially of more than one-year duration, 
the importance of accessory food substances should be considered, but 
rather from the point of general nutritional value than for specific effect 
on diseased tissue. 


CONCLUSIONS 


1. It appears not infrequently that a sharp decline in the caloric intake 
precedes by one to two years the onset of demonstrable pulmonary 
tuberculosis. 

2. It seems that induced overnutrition is helpful in enabling the indi- 
vidual to “carry” infection with less untoward effect than would be the 
case in malnutrition. The influence of bodily insulation and greater 
fluid reserve to meet variations in temperature are considered as possible 
explanations. 

3. A prolonged deficiency of accessory food substances may be a 
factor in the occurrence of acute respiratory infections and manifestations 
and one of the causes of failure to gain in weight. 

4, The favorable effects of codliver-oil concentrate (providing vitamine- 
A and D fractions) in acute upper respiratory infections and the use of 
brewer’s yeast compound (containing vitamine B and manganese) in a 
few patients with asthma suggest that accessory substances are helpful 
in the general management of pulmonary disease. 
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5. So far as determined there are no definite data indicating that the 
dietaries used in this study influenced specifically the healing of 
tuberculous lesions. 
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VINCENT’S INFECTION OF THE MOUTH IN TUBERCU- 
LOSIS PATIENTS 


W. F. DREA! 


A number of patients who either have had an arrested pulmonary 
tuberculosis or who are experiencing a satisfactory convalescence from 
the disease unexpectedly present symptoms that strongly suggest reac- 
tivation of their tuberculous disease. There may bea low-grade elevation 
of temperature, loss of strength, and mental depression. 

Because of the previous history both patient and physician naturally 
consider, first, the very probable lighting-up of the tuberculous process. 
Examination of the lungs fails, however, many times to reveal any certain 
changes to explain away the symptoms. But because tuberculosis, 
though active, in some cases is insidious and may not present at the time 
definite evidence of its presence, the rule is for the patient to rest again 
until symptoms subside or the nontuberculous condition that may be 
responsible is discovered and satisfactorily treated. 

Several such patients have been found to have their peridental tissues 
infected with Vincent’s organisms. Treatment of these patients with 
local applications of arsenic has resulted in very prompt healing of the 
local infection and subsidence of the patients’ symptoms. The tempera- 
ture returned within forty-eight hours to normal, strength was regained, 
and the mental condition improved. Whereas, in this particular group 
of patients active tuberculosis had been again considered seriously, it 
now could be dismissed. 

Some years ago the writer expressed the opinion that there would most 
probably be a considerable increase in the number of people having their 
peridental tissues infected with Vincent’s organisms (1). That this 
has occurred is generally known. 


DESCRIPTION AND DIAGNOSIS 


Vincent’s disease is a specific infectious disease, usually affecting a 
mucous membrane and generally associated with constitutional disturb- 
ances because of toxins produced at the locations of the lesions. There 


1 The Colorado Foundation for Research in Tuberculosis, Colorado Springs, Colorado. 
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may be very little or much localized ulceration and pseudomembranous 
exudate. When the disease exists in the throat it generally is secondary 
to infection of the gums. Certainly the throat condition will not per- 
manently heal until the mouth has been properly treated. Barker 
states that regions such as the vagina, glans penis and prepuce, the 
middle ear, and bronchi are often similarly infected and uses the term 
Fusos pirillosis (Vincent) asa more applicable term (2). Vincent’s organ- 
isms or ones very similar have been frequently found in lung abscesses. 

The disease is contagious and the organisms are readily transmitted 
from one person to another. Especially in the mouth and throat it 
becomes at times epidemic. The organisms can be found in healthy 
mouths, but in these cases it has been claimed that they are saprophytes 
and belong in a different group. 

Individuals of all ages from infancy to old age may become infected. 
The disease is evenly distributed between the sexes. 

While poor oral hygiene is usually associated with it and is to be con- 
sidered as a predisposing factor, the disease is also many times present in 
mouths the tissues of which are otherwise in excellent condition. The 
writer has seen this diseased condition in the mouth of a child, 2 years 
old, whose father and grandmother also had it at the same time. A 
middle-aged adult was infected, whose teeth and gums must have been 
in excellent condition before infection occurred, as they were in excellent 
condition after treatment in spite of very extensive involvement of the 
gums, palate, and throat, and when no other treatment than that asso- 
ciated with the use of water solutions of arsenic was employed. 

The disease may be limited to the margins of the gums and be so slight 
that it is difficult to detect, especially when in these patients the sub- 
maxillary glands are not enlarged. In other patients, the gums and 
peridental membranes may be involved for a depth of several millimetres 
and the submaxillary glands swollen and tender. While much has been 
written about white or grayish-white, friable, easily removed membranes 
with bleeding surfaces beneath, it is the experience of the writer that, as 
far as the gum tissues are concerned, this is exceptional. Localized 
congestion and oedema prevail. Unless pyogenic infection also exists 
there is either no pus or very little pus. There may be present foul 
breath. Most patients experience no pain, but in others the pain is of 
any degree from slight to severe. There is almost always some bleeding 
of the gums, especially after they are brushed. Bad taste may be ex- 
perienced. Some patients have no elevation of temperature or constitu- 
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tional disturbances, although they may experience severe mental depres- 
sion. When there is fever, the temperature is generally 99°F. or a little 
higher. Occasionally the temperature is as high as 103°F. The absence 
of pus (unless there is also pyogenic infection) and microscopic dem- 
onstration of many fusiform bacilli and spirochaetes, combined with the 
clinical findings described above, make the diagnosis certain. The 
Wassermann reaction is negative in Vincent’s disease, but this is of 
little value as the disease may occur in a syphilitic patient and Vincent’s 
disease and syphilis may be present at the same time. 

The prognosis is good and with few exceptions the mouth infection will 
clear up promptly after proper treatment. When there are deep pockets 
about the teeth or when third molars are partly erupted it is necessary to 
take special precautions. A reinfection of healed tissues is frequent, and 
it results from failure to treat every part of the infected tissues. Rein- 
fection from without is also possible. 


TREATMENT 


Treatment in the writer’s experience is best affected by first rinsing the 
mouth and gargling the throat with a solution of one part of hydrogen 
peroxide (3 per cent) and three parts of water. Sodium perborate, two 
drachms to a glass of water, may be used instead, though it appears to be 
less effective. The oxidizing solution should be forced by means of air 
pressure or a dental syringe between every pair of teeth and around each 
tooth, not omitting the pockets about third molars, if present, in order 
to reach every bit of possibly infected tissue. The Vincent’s organisms 
are anaerobic and oxygen is harmful to them. Cotton rolls should be 
placed in the mouth so as to wall off the tongue, lips, and cheeks from 
the teeth. Liquor potassii arsenitis (U.S.P.) should then be applied in 
full strength once a day to the infected tissues and care exercised in order 
to get the Fowler’s solution into the interproximal spaces between the 
teeth. After the arsenic solution has been in contact with the tissues 
for a few minutes, the cotton rolls should be removed and the gum tissues 
and interproximal spaces washed out thoroughly with a warm solution 
of 10 drops of Fowler’s solution in about 3 ounces of water by means of 
air pressure or the dental syringe. The patient should be cautioned 
against swallowing any of the solution. The Liquor potassii arsenitis 
(Fowler’s Solution) should also be prescribed for the patient, the pre- 
scription being labeled ‘““To be used as mouth wash,” “Poison,” “Do not 
swallow.” The patient is to use the oxidizing solution as outlined above 
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and, after washing away the oxidizing solution, is to place 10 drops of the 
arsenic solution on his tooth-brush and brush the gums and teeth after 
meals. In addition, the patient should place 10 drops of the Fowler’s 
solution in half a glass of warm water and, by means of a “chip-blower” 
type of dental syringe, force this solution between every pair of teeth and 
into pockets about any partially erupted teeth such as third molars. 
Also the mouth is to be rinsed and the throat gargled with the same- 
strength solution. Ordinarily, a favorable response is prompt, and 
symptoms subside in less than forty-eight hours. Arsphenamin may be 
used locally instead of Fowler’s solution, but there appears to be no 
advantage in so doing. Should local applications fail, intravenous 
injection of arsphenamin should be tried, but the latter will be seldom 
necessary if the local treatment has been thorough. Specific treatment 
should be continued until all evidence of the Vincent’s infection has dis- 
appeared. Because relapse is almost certain to occur if the smallest 
amount of disease remains, it is advisable for the patient to continue 
treatment himself for two weeks after the last evidence of the disease has 
disappeared, dependence to be placed principally on the oxidizing solu- 
tions and the arsenic solution used only occasionally. Bismuth sodium 
tartrate may also be used locally or by intramuscular injections. 


SUMMARY 


1. Patients with arrested or healing tuberculosis may have symptoms 
suggesting reactivation of tuberculosis as a result of mouth infection by 
Vincent’s organisms. 

2. Peridental infections due to Vincent’s organisms are numerous. 

3. The diagnosis and treatment of Vincent’s disease of the mouth are 
outlined. 
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THE TREATMENT OF MORPHINE ADDICTION IN 
TUBERCULOSIS BY PAWLOW’S CONDITION- 
ING METHOD 


CHARLES RUBENSTEIN! 


In a previous article? we indicated the value of Pawlow’s conditioning 
methods as an aid in the treatment of certain phases of pulmonary 
tuberculosis. We suggested that his work might be applied to good 
effect in dealing with the varied symptom-complex so frequently met 
with in this disease,—the depression, poor appetite, nervous indigestion, 
headaches, insomnia, excessive perspiration, etc. It was pointed out 
that Pawlow had demonstrated by his experiments that the above 
conditions may be modified by the establishment of properly selected 
conditioned reflexes. We now consider another phase of the conditioned 
reflex’s potential usefulness in the field of pulmonary tuberculosis. 

Not infrequently we are confronted with the problem of treating nar- 
cotic addiction. By reason of their proneness to aggravate the chest 
condition the usual withdrawal methods have proved far from satisfac- 
tory in their application to the tuberculous patient. The writer has 
successfully applied the conditioning method at the Los Angeles Sana- 
torium to two pulmonary cases addicted to the morphine habit. In 
both cases it was found that the treatment was rapid and effective, 
and did not produce the so called withdrawal symptoms. We are citing 
these two cases at some length. 


Case F: Male, white, 38 years of age, single, no occupation. Entered the 
Los Angeles Sanatorium April 19, 1929. Complained of shortness of breath, 
cough with profuse expectoration, palpitation of the heart, loss of weight, mal- 
aise, fever, and occasional pain in the chest without definite location. Diag- 
nosis: Far-advanced pulmonary tuberculosis; also addicted to the morphine 
habit. Family History: Father suspected of being tuberculous but never 
definitely diagnosed as such. Remainder of family history negative. Per- 
sonal History: Had no children’s diseases and did well at school. Began to 


1 Duarte, California. 
2 Pawlow’s Work and Its Clinical Possibilities, California & Western Medicine, January, 
1930. 
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smoke at age of ten. Left home at age 15. Led dissipated life. At age of 28 
quite suddenly began to cough, lose weight, and have night-sweats. A diagno- 
sis of pulmonary tuberculosis was made and from then (1921) to the time he 
entered the Los Angeles Sanatorium patient was an inmate of sanatoria in 
various parts of the United States. In 1926 suffered from heart attacks and 
insomnia, and then began to use morphine. On April 28, 1929, two weeks after 
patient entered Los Angeles Sanatorium, attempt made at inducing artificial 
pneumothorax of left lung, without success. On June 18, 1929, left phrenico- 
tomy performed but without improvement in patient’s condition. On the 
contrary, he showed increased cough and expectoration, rise of fever and other 
symptoms of toxaemia. The heart attacks (fibrillation and tachycardia) be- 
came more frequent, and morphine was resorted to more often and in constantly 
increasing doses. 

Patient came under our care July 1, 1930, at which time he weighed 105, 
about 35 pounds below his normal weight. Then suffered from chronic con- 
stipation, and tongue thickly coated. Was markedly dyspnoeic and cyanotic, 
and afflicted with great mental depression and anxiety. Physical examina- 
tion, X-ray and laboratory findings showed widespread involvement of both 
lungs, with cavity-formation in left. Neurological Findings: No nystagmus or 
ataxia. Babinski absent. Pupils equal, but irregular and react to light. 
Romberg absent. Deep reflexes diminished. Abdominal reflexes not elicited. 
Halting speech and difficulty in pronouncing certain words. Patient moody. 
Periods of euphoria when under influence of morphine, followed by depression 
when effects wore off. It should be added that just prior to the institution of 
the conditioned-reflex treatment patient had been receiving about 8.5 grains 
of morphine per day, administered half-hourly in doses as high as 0.5 grain. 

Conditioned-reflex treatment instituted July 2, 1930, and following method 
used: At the start each hypodermic injection was accompanied by the ringing 
of a bell. Due to the fact, however, that this form of external stimulus could 
not be conveniently used during sanatorium rest hours and at night, it was 
abandoned after a few days, and massage of the dorsal surface of the forearm 
for one minute after each hypodermic injection was substituted. We were 
able gradually to diminish the daily amounts of morphine by substituting 
sterile injections, and after four weeks the morphine was entirely replaced by 
physiological salt hypodermics, every injection still being accompanied by 
massage. The total amount of morphine the patient received for the first 
week was 32.4 grains; for the second it was 13, the third, 7, and the fourth 2.5. 
Six weeks after commencing the treatment, on the initiative of the patient, who 
with diminished doses of the narcotic grew very sensitive to the needle, the 
sterile injections were discontinued entirely. It is interesting to note that on 
one occasion during the third week of the treatment, when the morphine in- 
jection was administered unaccompanied by massage, patient complained that 
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no morphine had been given him. The sterile hypo followed by massage 
seemed always to satisfy him however. It was also noted that the treatment 
did not provoke the usual withdrawal symptoms. On the contrary, the charac- 
teristic restlessness, weakness, and loss of weight were absent. The patient 
felt well and comfortable, gained 32 pounds in the five months following the 
institution of the treatment, and his lung and general condition showed re- 
markable improvement. The patent’s sole complaint related to a steady pain 
in the lower extremities. This pain became more pronounced as the morphine 
dosage was diminished. This may be explained however by the fact that the 
patient, having acquired a general hypoaesthesia from the prolonged use of 
morphine, was insensible to the peculiarly constricted position in which he 
invariably kept his legs while in bed. With the return then of aesthesiato 
those parts some pain for a time was inevitable. After 33 months of total 
abstinence from morphine, patient was discharged. 


Case L: Female, white, 38 years, married, housewife. Entered Los Angeles 
Sanatorium June 19, 1930. Complained of cough, rapid respiration, poor 
appetite, loss of weight, night-sweats, insomnia, restlessness and frequent 
headaches. Diagnosis: Far-advanced pulmonary tuberculosis and syphilis; 
also addicted to the morphine habit. Family History: Negative. Past His- 
tory: In August, 1928, patient had haemorrhage, about 10 ounces, followed by 
dry, hacking cough, slight malaise, loss of appetite and weight. Six months 
later had another haemorrhage of approximately same size as first; also raised 
small quantity of blood two weeks before entering Los Angeles Sanatorium. 
Physical examination, X-ray and laboratory findings showed bilateral pulmon- 
ary involvement. Wassermann 4 plus. Since first pulmonary haemorrhage 
patient had been repeatedly given hypodermic injections of morphine, the 
doses being rapidly increased to the point where in June, 1930 she was getting 
two grains per day. 

The conditioned-reflex treatment was instituted June, 4, 1930. In this case 
a tuning-fork, held close to the ear until the vibrations ceased, was used as the 
conditioning stimulus. Patient was also instructed to count until the sound 
died out. At the start of the treatment the patient was getting four hypo- 
dermic injections of 0.5 grain of morphine daily. After three days, the reflex 
having been established, we began gradually to replace morphine with sterile 
water. Ten days later we were able, without exciting any withdrawal symp- 
toms, to replace all morphine hypodermics by sterile water. It was observed 
that the best effects were marked by the patient when the vibrations were 
more prolonged than usual. The presence of visceral syphilis however, com- 
plicating and interferring with our observations, constituted a serious obstacle 
to our study and treatment of the case. In view of the advanced pulmonary 
condition of the patient antisyphilitic treatment was not vigorously pursued, 
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and finally, on August 2, 1930, patient was discharged at her own request 
so that she might seek specific treatment at home. 


SUMMARY 


1. A practical field for the application of Pawlow’s work on the condi- 
tioned reflex is presented for use on patients with tuberculosis. 

2. Two cases of morphine addiction, successfully treated by this 
method, are reported. 

3. This form of treatment is safe and rapid, and does not, in our 
experience, provoke the usual withdrawal symptoms. 
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THE SPECIFICITY OF LIGHT ACTION IN EXPERIMENTAL 
TUBERCULOSIS? 


ETHEL M. LUCE-CLAUSEN anp STANHOPE BAYNE-JONES 
INTRODUCTION 


The evidence as to the curative effect of light on tuberculosis in the 
guinea pig is contradictory. There is a vast literature on the subject of 
light in the treatment of both clinical and experimental tuberculosis. 
This has been reviewed by Clark (1), Laurens (2), Luce-Clausen (3) 
and others. The more recent work includes studies by Steinbach, Hess 
and Weinstock. (4) and by Phelps (5). These investigators studied the 
effects of ultraviolet therapy on experimentally produced tuberculosis 
in guinea pigs. Steinbach, Hess and Weinstock (4) used graded doses of 
a strain of tubercle bacillus of low virulence and attempted to hold 
the disease in situ by means of generalized irradiation from an air-cooled 
mercury-vapor-quartz lamp. In three experiments the irradiated ani- 
mals were found to have more extensive tuberculous lesions than those in 
the control group. No curative effect of the radiations used could be 
demonstrated. Phelps (5), on the other hand, claims a specific curative 
effect of radiations within the wave lengths 320-380 mu. Three guinea 
pigs, inoculated with the H37 Saranac strain of human type of tubercle 
bacillus, were rayed with radiations from a Pan-Ray carbon-arc lamp (30 
amp. 110 V., burning Everyready National Sunshine Carbons) trans- 
mitted through the Corning glass filter no. G986A. These guinea pigs 
survived the disease 18 days longer than did three unirradiated controls, 
and showed at autopsy evidence of “‘healing lesions.’’ We decided to 
repeat these experiments of Phelps, using certain modifications in the 
filtration of light. 

EXPERIMENTAL 


Phelps (5) has given the spectrophotometric curve of the radiations 
transmitted by the Corning glass filter G986A, in the ultraviolet only. 
It should, however, be remembered that this glass transmits, in addition 


1 From the Department of Biology and the Department of Bacteriology, School of Medicine 
and Dentistry, University of Rochester, Rochester, New York. 

2 Aided by a grant from the Committee on the Effects of Radiation upon Living Organisms, 
Division of Biology and Agriculture, National Research Council. 
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Fic. 1. Spectrophotometric absorption curve of Corning glass G986A. A, for glass 0.50 
cm. thick; B, for glass 0.32 cm. thick. (From L. A. Jones (6).) 

Fic. 2. Spectrophotometric absorption curve of filter no. 7, showing transmission of 
band between 317 and 430 my. This filter used for ultraviolet irradiation. (From L. A. 
Jones (6) (7).) 

Fic. 3. Spectrophotometric absorption curve of filter no. 3, showing transmission band 
extending from 720 to 1120 my. This filter used for infrared irradiation. (From L. A. 


Jones (6) (7).) 
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to the energy in the ultraviolet, at least ten times as much energy in the 
near infrared. The full curve of transmission of this filter is given by 
L. A. Jones (6) and, with his permission, is reproduced here as figure 1. 

In our experiments we decided to separate the two components of this 
filter G986A, and to test the radiations transmitted by each, on different 
groups of animals. For this purpose we selected two filters designed by 
Jones (6) (7): 1: Filter no. 7, which transmits in the ultraviolet a range 
from 317-430 my with a maximum transmission of 70 per cent at 368 mu, 
and a total energy equivalent against the source of light used of 0.012 
gm. cal/min/cm*. (See figure 2.) 2: Filter no. 3, which transmits a 
range in the infrared from 720-1120 mu, with a maximum transmission 
of 35 per cent at 770 my and a total energy equivalent of 0.122 gm. 
cal/min/cm.? (See figure 3.) We are indebted to Mr. L. A. Jones for 
permission to reproduce the spectrophotometric curves of these filters 
(figures 2 and 3). These two filters separate pretty nearly the two trans- 
mission bands of the Corning glass G986A, Jones (6) (7). The band in 
the ultraviolet is narrower, excludes the antirachitic radiations, but trans- 
mits the whole range 320-380 my thought by Phelps to be effective. 

The technique of raying the animals, apparatus and source of light 
were the same as those used in previous experiments by Luce-Clausen 
(8). The experiments to be described here were carried out during the 
period November, 1930, to January, 1931. 

Fifty four guinea pigs were used. These were divided into 3 groups 
as follows: 


Group I: Nos. 1-18. Control group, kept in complete darkness; average 
initial weight, 270 +6.0 gm. 

Group 2: Nos. 19-36. Rayed for 15 minutes daily through filter no. 7 (ul- 
traviolet); average initial weight, 268 +5.8 gm. 

Group 3: Nos. 37-54. Rayed for 15 minutes daily through filter no. 3 (infra- 
red); average initial weight, 267 +5.6 gm. 


The weights of the animals in our series corresponded closely to the 
weights of the guinea pigs used by Phelps (5). 


DEPILATION 


All the guinea pigs were depilated before they were radiated. Total 
depilation was found impracticable, but a wide area of fur, covering the 
back and rump and extending to the neck, was removed. This was done 
by means of a paste made of equal parts of barium sulphide and flour. 
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It was washed off completely before the animals were exposed to radi- 
ation. 

RADIATION 
The guinea pigs were rayed daily, three at a time. Radiation was 
started 14 days after the date of inoculation. Two days before this, 
tuberculin tests were done by the intracutaneous injection of 0.1 cc. of a 
5 per cent solution of O.T. (human), made by the Mulford Company. 
All the animals showed positive tuberculin reactions of various degrees 
of intensity. In the intervals between radiations, all the animals were 
kept, with the controls, in a photographic dark-room. The temperature 
of this room was maintained constant at 72°F. (22.2°C.) by means of a 
cooling system. 


FEEDING, ETC. 


The guinea pigs were kept in individual wire cages and were fed oats, 
cabbage and water. They were weighed weekly. 


INOCULATION 


We attempted to duplicate the inoculation used by Phelps (5). Dr. 
Phelps kindly supplied us with additional information on several of the 
obscure points in his description of the dosage of tubercle bacilli used by 
him, but we doubt whether we succeeded in exactly matching his infect- 
ing dose. It is possible, also, that the virulence of our culture was greater 
than his. For our inoculations we used a 3-weeks-old culture on 5 per 
cent glycerin-egg medium of the H37 Saranac strain of human tubercle 
bacillus, obtained from Dr. S. A. Petroff. Following Phelps’s directions, 
we removed a “large loopful’”’ (2-mm. loop) of growth from this culture 
and ground it in a mortar with increasing amounts of sterile saline solu- 
tion up to 8 cc. The emulsion used for inoculation was made by add- 
ing 5 drops of this suspension to 5 cc. of saline solution (100 drops, ap- 
proximately 5 cc. to 100 cc. of saline). To remove the unbroken clumps, 
we filtered this through sterile absorbent cotton. The turbidity seemed 
to match that described by Phelps, but, as he did not specify the thick- 
ness of the layer and the illumination used, we do not know whether this 
suspension was more or less dense than his. An actual count, made in 
the haematocytometer, showed that our suspension contained 5,500,000 
tubercle bacilli percc. There were no clumps larger than three organisms 
seen init. In accordance with the plan followed by Phelps, we injected 
0.5 cc. of this suspension intraperitoneally into each guinea pig. Thus 
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each animal received approximately 2,750,000 tubercle bacilli. We 
realized that this was a very large infecting dose, but employed it in 
pursuance of our plan to duplicate Phelps’s experiment as nearly as we 
could. Care was taken to keep the suspension shaken in the container 
or in the syringe during the inoculation of the 54 animals, to prevent 
giving a large dose of sedimented bacilli to one animal and a smaller 
number to another. 
RESULTS 


One guinea pig in the ultraviolet group died 11 days after the inocula- 
tion. As this was 3 days before irradiation was begun, this guinea pig 
was omitted from this series, leaving 17 animals in this group. 

It will be seen from the charts, figures 4, 5 and 6, that the time of sur- 
vival was longest in the control, unirradiated group. The mean period 
of survival after inoculation, with the probable error of the mean, of 
animals in the three groups is given below: 


Survived (days) 
Group 1: Controls (figure 4) 
Group 2: Ultraviolet (figure 5) 
Group 3: Infrared (figure 6) 


No curative effect of the ultraviolet radiations used could be demon- 
strated. The guinea pigs in group 3 appeared to be definitely worse off 
than those in the control group. The first of them died 3 days after 
radiation was started, and 10 days before the death of the first control, 
and none survived longer than 36 days. One control survived 48 days. 
We found on one day in group 3 (infrared) that the 15-minutes radia- 
tion produced a rise in rectal temperature of 1°F. in 6 animals. This 
rise did not occur in 6 animals in group 2 following 15-minutes ultraviolet 
irradiation, nor in 6 controls which were put into the irradiation cage for 
15 minutes and the lamp not turned on. It appeared to be, therefore, 
a rise of temperature due to radiation, not handling. If, as seems pos- 
sible, a daily rise in temperature was caused in group 3 by radiation, this 
may explain the detrimental effects produced. We are aware, however, 
that this suggestion needs to be substantiated by further observations. 
We refrained from taking temperatures more frequently and on a larger 
series of animals, because of the danger of producing toxic effects due to 
trauma. Great care was taken in handling the radiated animals to avoid 
trauma. In spite of this, however, the amount of handling they re- 
ceived may explain the slightly lower survival time of those in group 2 as 
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Fic. 4. Chart showing survival periods of guinea pigs in control group. In this and the 
succeeding charts (figs. 5 and 6) the blocked-in areas jndicate the number of animals living on 
each day after the intraperitoneal injection of tubercle bacilli. 

Fic. 5. Chart showing survival periods of guinea pigs in group treated with ultraviolet 
irradiation through filtey no. 7. ; 

Fic. 6. Chart showing survival periods of guinea pigs in group treated with infrared irrad- 
iation through filter no. 3. 
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compared with the controls. It would not, however, explain altogether 
satisfactorily the shortened time of survival in the group irradiated with 
infrared. It would seem in this group that a factor other than trauma 
was operative. This may have been fever caused by radiation. 


PATHOLOGY 


As soon as possible after the death of an animal, an autopsy was done 
and pieces of the organs and tissues were fixed in Zenker’s solution. Sec- 
tions were cut from these blocks and stained with haematoxylin and eosin. 
The gross pathology was that of an extensive acute diffuse tuberculosis 
of the omentum and parts of the peritoneal surface, with numerous small 
and large tubercles in the liver, spleen, lungs, lymph nodes, and occa- 
i} sionally in the kidneys, testes and adrenals. We have examined approxi- 
mately 430 sections from the organs and tissues of these animals. Sec- 
ti tions from some of the animals in each group, dying at about the same 
ie time after inoculation, were reviewed by Dr. W. B. Hawkins, Assistant 
Professor of Pathology in this Medical School. We are indebted to Dr. 
th Hawkins for an authoritative interpretation of the lesions. In general, 
| i these sections showed all stages of an early acute tuberculous process, 

from minute rudimentary tubercles to larger lesions with beginning casea- 
tion. It was impossible to tell from an examination of the sections what 
treatment an animal had received. The only differences between the 
lesions were those attributable to differences in the duration of the dis- 
ease. The question of phenomena which may be interpreted as evi- 
dences of healing tubercles in an animal dying of acute tuberculosis 
is admittedly a difficult one. Certainly, however, in the lesions in these 
ia animals, there was no evidence of healing. The chief fibrous-tissue reac- 
1h tion occurred in the omentum, but this could not be called a sign of heal- 
: ing. In sections from the omentum of the control guinea pig, which 
lived 48 days, there was a thin rim of fibrous tissue around a few of the 
areas of caseation. 


DISCUSSION 


Our results lend no support to the theory of a specificity of light ac- 
tion in the region 320-380 my, in increasing the resistance of the guinea 
pig to acute tuberculosis, induced experimentally. Not only did the 
Ha animals receiving these rays show no curative response to the treatment, 
it but they were, on the whole, worse off than a group of controls which 

received no light at all. We have not, therefore, been able to confirm 
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the findings of Phelps (5). Our conclusions agree more nearly with those 
of Steinbach, Hess and Weinstock (4). 

The main difficulty in attempting to repeat such experiments is to 
duplicate the virulence and dosage of the strain of tubercle bacilli used. 
Our only criterion for this is the time the animals survived after inocula- 
tion. The average time of survival of our control animals was 33 days, 
that of Phelps’s animals 40 days. It would seem from this, that. the 
strain used by us was slightly more virulent or that a greater number of 
bacilli were injected into each animal. Whether this increased virulence 
or larger dosage is sufficient to account for the completely negative 
character of our results we do not know. It would seem unlikely that 
rays possessing specific curative action would be so completely powerless 
against such a slight increase in the severity of infection. Another 
criticism of our results is that the ultraviolet rays, when filtered, are 
greatly diminished in intensity. A comparison, however, of the rays 
transmitted in the ultraviolet through G986A and through filter no. 7 
shows a free transmission in the critical region 320-380 my through both 
these filters. We do not, therefore, feel that the discrepancy in our re- 
sults can be attributed to the use of light of lowerintensity. It is possible 
that the curative effects described by Phelps can be attributed to the 
simultaneous action of infrared and ultraviolet rays, but, since our ex- 
periments show that neither component is effective alone, it seems un- 
likely that they would be effective together. On this point, however, 
we have no exact data. 


CONCLUSIONS 


1. The curative effect of isolated radiations in the ultraviolet and infra- 
red has been tested on guinea pigs inoculated intraperitoneally with the 
H37 Saranac strain of human tubercle bacillus. 

Seventeen guinea pigs, receiving a 15-minute exposure daily to radia- 
tions in the ultraviolet (317-430 my E 0.012 gm. cal/min/cm?), survived 
the inoculation on an average 30 days. 

Eighteen guinea pigs, receiving a 15-minute exposure daily to radia- 
tions in the infrared (720-1120 my E 0.122 gm. cal/min/cm?), survived 
the inoculation on an average 28 days. 

Eighteen guinea pigs, kept at constant temperature in a photographic 
dark-room, survived the inoculation on an average 33 days. 

2. No evidence was obtained for a specific curative action of ultra- 
violet within the wave-length limits used under the conditions of a severe 
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acute tuberculosis produced experimentally by intraperitoneal inocu- 


lation. 
3. The possibility of a detrimental effect of infrared radiation has been 


suggested. 
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THE EFFECT OF ENVIRONMENT ON NORMAL AND 
TUBERCULOUS GUINEA PIGS 


MYRTLE GREENFIELD! 


This experiment was started to get information on the effect of environ- 
ment on normal guinea pigs and guinea pigs infected with tuberculosis 
of the human type, with special emphasis on the presence or absence 
of sunlight.? 

Three buildings, 5 x 10 ft. x 7 ft. high, were built. Each building, with 
its floor space of 50 sq. ft., was divided equally by a partition made of a 
6-inch board with 1-inch-mesh chicken wire above. This partition was 
extended north and south to make the division of light in the two sides 
as nearly equal as possible. The first building containing pens 1 and 2 
was of pine boards on the north side while the other three sides and the 
top were made of 1-inch-mesh chicken wire. The second building con- 
taining pens 3 and 4 was made entirely of pine boards 1 foot wide. All 
cracks were covered with batten so that no sunshine and very little sky- 
shine entered. To provide for circulation of air a space 1 foot by 10 feet 
was left uncovered with boards on the north side. This was covered with 
dark blue canvas. On the south side a ventilator, 1 by 8 ft., was made 
by partially overlapping 3-inch boards with a space of 1 inch between 
the boards. A curtain of the dark blue canvas was hung on the inside 
of this ventilator to permit the entrance of air but at the same time to 
cut out all light. The third building containing pens 5 and 6 was covered 
entirely with panes of cheap window glass, 12 by 14in. This glass was 
manufactured by Libby-Owens, Shreveport, Louisiana. On the north 
side of this building was an opening 1 foot by 10 feet covered with 
the dark blue canvas. A ventilator was made on the south side, 2 by 
10 ft., by overlapping the panes of glass. Even with these ventilators 
this building was too hot in the summer, and it was necessary to white- 
wash the roof. All buildings were provided with cement floors. At the 
north side of each building were wooden hutches, 1.5 x 10 ft. x 2.5 ft. high 
for sleeping-quarters. ; 

1 State Public Health Laboratory, Albuquerque, New Mexico. 

2Cf. An Autobiography, Edward Livingston Trudeau, p. 205. 
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Guinea pigs in pens 1 and 2 were in direct sunshine all the time they 
were not in their small sleeping-quarters. Those in pens 3 and 4 had no 
sunshine and a very limited amount of sky-shine, while those in pens 5 
and 6 had only sunshine that came through the cheap window glass. 
The experiment was started July 19, 1929, and ended June 9, 1931. 
During that time the United States Government Weather Station at 
Santa Fe, New Mexico, recorded per cent sunshine and precipitation 
as follows: 


NO- DE- 


VEMBER'ICEMBER 


JUNE | JULY 


Precipitation 


— | — | 2.50) 3.84 
1.99 


0.41) 0.37) 4.32 
0.46) 0.85) — 


Percentage of Sunshine 


1929 
1930} 59 82 71 | 80 | 73 | 84} 62 | 75 
1931} 69 47 74) 64] 80] 78) — 


Twenty guinea pigs, identical as to sex and as nearly identical as to 
weight and age as possible, were placed in each of the 6 pens. The 
distribution as to sex and size was as follows: 3 large males, 6 small males, 
4 large females, and 7 small females, each pen. These guinea pigs had 
been given a tuberculin test, using O.T. in a dilution of 1/10. All were 
negative. All were from our own stock-pens, a strain particularly hardy 
and free from disease. All were fed as nearly alike as possible and in 
the manner that all the stock guinea pigs are fed; namely, once per day 
of cracked yellow corn, alfalfa and vegetables, such as lettuce, cabbage, 
carrots, celery, and beets. The pens were cleaned once a week and 
bedded with two inches of fine shavings. 

On July 19, 1929, all guinea pigs in pens 1, 4 and 6 were inoculated with 
a suspension of Mycobacterium tuberculosis H37, the culture furnished by 
Dr. S. A. Petroff, Trudeau Sanatorium. The suspension of organisms 
was made according to the method of Jennings (F. B. Jennings, Jour. 
Inf. Dis., October, 1926, xxxix, 310). Each cubic centimetre of suspension 
contained 200 organisms. Guinea pigs weighing more than 260 gm. were 
given 2 cc. of the suspension, or 400 organisms, while those weighing less 


1929; — 5.15 | 1.43) 0.89 0.11 21.52 
1930 | 0.46 | 0.49 | 0.68) 0.81 1.89 | 0.64 1.12) 0.06 13.24 
1931} 0.25 | 0.73 | 1.18] 1.98 =| 
80 | 76 | 77 6 | 74 
75 | 78 | 70 | 75 | 74 
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were given 1 cc. of the suspension, or 200 organisms. All inoculations 
were made in the right thigh. 

The experiment in each building was allowed to continue until the 
last infected guinea pig in that building died. Thus the experiment con- 


TABLE 1 
Data on open pen 1: guinea pigs with tuberculous infection 


romexcoum | | 3/30/30, weronr | TENOTHOF 
547 510 9/16/29 400 53 a 
492 564.4 11/ 5/29 | Nowt. 109 3 
327 328.5 315 1/19/30 302 185 : 
512 547.5 605 1/22/30 394 188 
247 324 380 2/ 3/30 252 200 F 
537 599 430 2/15/30 380 212 5 
300 343 455 673 5/11/30 354 298 q 
320 401.6 485 489 5/13/30 370 300 
567 570 615 680 7/ 1/30 640 349 
317 386.4 460 400 7/ 4/30 330 351 
632 530.5 573 626 8/15/30 446 414 
637 735 720 680 10/13/30 415 453 
352 419.7 505 610 11/ 1/30 620 462 4 
267 350 495 560 10/23/30 400 463 j 
237 338.5 500 519 11/ 3/30 410 464 : 
300 543.4 510 656 11/ 7/30 410 468 i: 
307 340 490 510 12/ 8/30 420 500 ; 
302 434 535 636 12/16/30 520 508 q 
657 634 815 910 5/ 6/31 860 649 
212 381 420 590 6/ 9/31 Sil 683 


Average weight 7/19/29: 408.4 grams (when inoculated) 
Average weight 9/ 5/29: 478 grams 
Average weight 11/13/29: 539.5 grams 
Average weight 3/31/30: 626.6 grams 


Average length of life: 365.4 days. 


Twenty-five offspring alive at the time of the death of last inoculated guinea pig, 6/9/31. : 
The 16 guinea pigs that were more than 3 months old averaged 525 grams. Three of these : 
gave a positive tuberculin test. g 


tinued from July 19, 1929, to June 9, 1931, in the open-building pens 1 
and 2, from July 19, 1929, to November 13, 1930, in the glass-building 
pens 5 and 6, and from July 19, 1929, to December 14, 1930, in the 


\f 

by 

| 
| 
| 
| 
| 
| 
| 


TABLE 2 
Data on open pen 2: controls for glass pen 1 


Average weight 7/19/29: 401.8 grams. Tuberculin test negative. 

Average weight 9/ 5/29: 473.1 grams. 

Average weight 11/13/29: 541.3 grams. Tuberculin test negative. 

Average weight 3/31/30: 602.5 grams. Tuberculin test negative. 
14 guinea pigs: Average weight 6/ 9/30: 618 grams. Tuberculin test negative. 


1male died 8/23/29—No evident cause of death. 
1male died 9/19/21—No evident cause of death. 
1 female died 12/ 1/29—No evident cause of death. 
1 male died 1/ 6/30—Pneumonia. Pneumococci present in lungs. 
1 female died 1/22/30—Pneumonia. Pneumococci present in lungs. 
1 female died 11/28/30—Pneumonia. Pneumococci present in lungs. 


6/9/31—16 offspring—Average weight: 510 grams. 
6/9/31—10 offspring—Between 4 weeks and 4 months old. 


Average length of life of original guinea pigs: 544 days. 


TABLE 3 
_Data on wooden pen 4: guinea pigs with tuberculous infection 


1 WEIGHT WEIGHT 
11/13/29 3/30/30 LENGTH OF 
TEST: POSITIVE TUBERCULIN TUBERCULIN 

TEST: POSITIVE|TEST: POSITIVE 


8/26/29 
560 12/ 1/29 
470 12/16/29 
430 12/23/29 
410 12/23/29 
540 12/23/29 
460 12/23/29 
512 12/27/29 
510 1/ 2/30 
515 1/ 2/30 
510 1/ 2/30 
555 1/ 3/30 
575 1/ 4/30 
376 1/18/30 
520 2/ 3/30 
485 2/12/30 
730 636 4/30/30 
640 586 7/ 4/30 
575 510 10/12/30 
610 563 12/14/30 


Average weight 7/19/29: 415.8 grams (when inoculated) 
Average weight 9/ 5/29: 451.7 grams 

Average weight 11/13/29: 522.2 grams 

Average weight 3/31/31: 574 


Average length of life: 202.6 days. 


No offspring living at the death of last inoculated guinea pig. 
698 


WEIGHT 
7/19/29 
TUBERCULIN 
TEST: 
NEGATIVE 
190 120 39 
532 512 454 136 
390 488 308 151 
472 475 300 158 
290 348 270 158 
370 441 352 158 
327 396 286 158 
422 464 284 162 
320 389 294 168 
287 384 291 168 
Zo2 323 264 168 
377 431 321 169 
487 516 362 170 
360 486 274 184 
290 389 318 200 
287 392 298 209 
597 621 525 286 
577 615 525 352 
547 608 390 352 
642 574 318: 506 
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wooden-building pens 5 and 6. The last two closed within one month 
of each other. 

Individual records were kept on the guinea pigs in the infected pens 1, 
4and6. Thisincluded anecropsy. Tables 1, 3 and 5 give information 
concerning guinea pigs in the noninfected pens 2, 3 and 5. Individual 
records were not kept for these guinea pigs, but necropsies were made. 
The tables show that more animals died of pneumonia in the closed than 
in the open pens. The cases of pneumonia developed in the cold months 
only. The tables also show that the guinea pigs in the open pens lived 
longer and gained more in weight than did those in the closed pens. 


TABLE 4 
Data on wooden pen 3: control for wooden pen 4 


Average weight 7/19/29: 404 grams. Tuberculin test negative. 
Average weight 9/ 5/29: 441.7 grams. 

Average weight 11/13/29: 544.2 grams. Tuberculin test negative. 
Average weight 3/31/30: 555 grams. Tuberculin test negative. 


Average weight 12/14/30: 539 grams. Tuberculin test negative. 


10 guinea pigs: 


1male died 5/28/30—No evident cause of death. 
1male died 7/ 4/30—No evident cause of death. 
1 female died 1/ 3/30—No evident cause of death. 
1 female died 11/29/30—No evident cause of death. 
1 male died 12/16/29—Pneumonia. Pneumococci present in lungs. 
1male died 1/ 2/30—Pneumonia. Pneumococci present in lungs. 
1 male died 1/ 4/30—Pneumonia. Pneumococci present in lungs. 
1 male died 2/ 3/30—Pneumonia. Pneumococci present in lungs. 
1 female died 9/30/29—Pneumonia. Pneumococci present in lungs. 
1 female died 1/18/30—Pneumonia. Pneumococci present in lungs. 


12/14/30—9 offspring more than 4 months old—average weight: 372 grams. 
12/14/30—7 offspring less than 3 months old. 


Average length of life of original guinea pigs: 366.1 days. 


In the open building, had all guinea pigs lived the entire time, those 
in each pen would have lived a total of 13,660 days. In reality the ones 
in pen 1, infected with tuberculosis, lived a total of 7,309 days, or 53.5 
per cent of the possible time. The normals in pen 2 lived a total of 10,880 
days, or 79.6 per cent of the possible time. The tuberculous infection 
caused these to lose 26.1 per cent days of life. In the wooden building, 
had all guinea pigs lived the entire time, those in each pen would have 
lived a total of 10,120 days. Those in pen 4 infected with tuberculosis 
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lived a total of 4,052 days, or 40.3 per cent of the possible time. The 
normals in pen 3 lived a total of 7,322 days, or 72.3 per cent of the possible 
time. The tuberculous infection caused these to lose 32 per cent of days 


TABLE 5 
Data on glass pen 6: guinea pigs with tuberculous infection 


WEIGHT WEIGHT 

3/30/30 

TEST: POSITIVE| TUBERCULIN | TUBERCULIN 
TEST: POSITIVE|TEST: POSITIVE 


10/16/29 370 
11/ 1/29 240 
11/28/29 490 
12/ 1/29 304 
12/ 2/29 295 
12/ 9/29 250 
12/19/29 420 
12/30/29 511 
1/ 4/30 241 
1/ 7/29 173 
1/17/30 330 
1/17/30 583 
1/17/30 321 
1/22/30 304 
2/10/30 440 
2/10/30 320 
2/19/30 295 
574 8/18/30 270 
480 9/23/30 340 
640 11/13/30 505 


Average weight 7/19/29: 410.4 grams (when inoculated) 
Average weight 9/ 5/29: 482.5 grams 
Average weight 11/13/29: 541.5 grams 
Average weight 3/31/30: 564.6 grams 


Average length of life: 204.8 days. 


Two offspring were living when last inoculated guinea pig died 11/13/30. These two 
died of pneumonia, 12/15/30 and 12/16/30. Pneumococci were found in lungs. Tracheo- 
bronchial lymph nodes enlarged. No tubercle bacilli found. These guinea pigs were about 
2 months old. 


of life. In the glass building, had all guinea pigs lived the entire time, 
those in each pen would have lived 9,680 days. Those in pen 6 infected 
with tuberculosis lived 4,096 days, or 42.3 per cent of the possible time. 


LENGTH OF 
DIED WEIGHT LIFE 
NEGATIVE 

days 
562 603 90 
272 410 106 
572 734 585 133 
252 350 410 136 
347 469 500 137 
290 340 410 144 
667 695 590 154 
307 589 670 165 
257 342 420 170 
502 550 570 173 
217 291 430 183 
662 712 750 183 
377 446 545 183 
362 436 525 188 
637 642 665 207 
307 379 605 207 
232 332 455 216 
437 510 450 397 
587 627 620 440 
282 402 510 484 
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The normals in pen 5 lived 6,435 days, or 66.4 per cent of the possible 
time. The tuberculous infection caused these to lose 24.1 per cent days 
of life. 

Since controls in pens 3 and 5 were not allowed to live until the experi- 
ment in pens 1 and 2 was finished the comparison between the buildings 
is not equitable. The experiments in the wooden and glass buildings 
ended within one month of each other, and, if the experiment in the open 
building be figured as ending at the same time, the comparisons would be 
more true. If the experiment in pens 1 and 2 had been stopped at the 


TABLE 6 
Data on glass pen 5: control for glass pen 6 


Average weight 7/19/29: 407.9 grams. Tuberculin test negative. 
Average weight 9/ 5/29: 544.5 grams. 
Average weight 3/31/30: 635.5 grams. Tuberculin test negative. 


9 guinea pigs: Average weight 11/13/30: 613 grams. Tuberculin test negative. 


1male died 8/28/29—No evident cause of death. 
1 female died 11/30/29—No evident cause of death. 
1 male died 12/29/29—Pneumonia. Pneumococci present. 
1 male died 1/ 9/30—Pneumonia. Pneumococci present. 
1 male died 2/ 3/30—Pneumonia. Pneumococci present. 
1 female died 12/ 1/29—Pneumonia. Pneumococci present. 
1 female died 12/23/29—Pneumonia. Pneumococci present. 
1 female died 1/28/30—Pneumonia. Pneumococci present. 
2 female died 2/ 7/30—Pneumonia. Pneumococci present. 
1 female died 11/13/30—Pneumonia. Pneumococci present. 


11/13/30—2 offspring 6 months old—average weight: 321 grams. 
11/13/30—1 offspring 3 weeks old. 


Average length of life of original guinea pigs: 321.7 days. 


time the experiment in pens 3 and 4 was ended, then guinea pigs in pen 1 
would have lived at that time a total of 7,011 days, or 69.2 per cent of 
the possible time, and the normals in pen 2 would have lived at that time 
a total of 8,168 days, or 80.7 per cent of the possible time. The tuber- 
culous infection caused these guinea pigs to lose at that time 11.5 per 
cent days of life. Figures 1, 2, 3, 4 and 5 show these data graphically. 

All guinea pigs were necropsied, but it would take too much space to 
give the individual data. Following is a summary of the necropsies in 
the infected pens 1, 4 and 6: 
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Guinea Pigs Dying during the First 2 Months: Inguinal lymph nodes necrotic, 
acid-fast bacilli present; spleen slightly enlarged and dotted with semitrans- 
parent tubercles; mesenteric lymph nodes enlarged; tracheobronchials enlarged. 
Guinea Pigs Dying after 4 to 5 Months: Spleen greatly enlarged with large 


figurel figure 2 
Percentage of doys Percentoge of 
in pen l Joys sived in pen 
ond pen2 ond pen 


Figure 3 figure F 
Percentage of days Percentage of days 
tived in penSand lived 1n penl and 

peng pen 2 tf the exp. had 
been closed af one 
“me. 
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Pens Pens 


necrotic areas; liver enlarged with small necrotic areas; lungs dotted with semi- 
transparent tubercles; many with fluid in the abdominal cavity. 

Guinea Pigs Dying after 7 to 9 Months: Spleen not so large, but very little area 
not necrotic or scarred and very brittle; liver, large necrotic and caseous areas; 
lungs, large caseous areas. 
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Guinea Pigs Dying after 9 Months and Later: Spleen and liver not so much 
enlarged nor so badly infected; some lymph nodes caseous and others calcified; 
organs in the abdominal cavity largely adherent to each other and to abdominal 
wall; lungs with large caseous areas and with many cavities, some of them 
large; scar-tissue. 

The necrotic and caseous material was always examined for acid-fast bacilli, 
usually found. Guinea pigs from the different kinds of buildings showed little 
variation, only that those in the closed buildings died so much faster that 
few reached the later stages. (See figure 6.) 


The number of guinea pigs considered is too small to draw accurate 
conclusions, but the data would indicate that guinea pigs living in an 
open building with free access to sunshine are able to live longer with a 


figures 
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tuberculous infection than are those quartered in a building from which 
sunshine is excluded, either entirely as in the wooden building or partly 
as in the glass building. 
The tuberculous guinea pigs in the open building not only lived longer ‘ 
in number of days, but also gained more in weight and were able to pro- 
duce offspring that lived to maturity. The offspring in the closed build- 
ings lived only a few weeks. All offspring were necropsied. In pens 4 
and 6 the offspring usually died in a few days and no evidence of tubercu- 
losis could be found. Often there was evidence of pneumonia which 
might have been a tuberculous infection. In pen 4 eight offspring lived 
to be two months or more old before dying, and in each case the tracheo- 
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bronchial and mesenteric lymph nodes were enlarged. No acid-fast 
organisms were found. Inonea small necrotic area occurred on the liver. 
Acid-fast bacilli were found from this area. In pen 6 ten offspring lived 
to be two months old or older. In these also the tracheobronchial and 
mesenteric nodes were enlarged. The two offspring that were alive at 
the time the experiment closed gave a positive tuberculin test. These 
guinea pigs were between three and four months old. In pen 1 twenty- 
five offspring were alive when the experiment closed, June 9, 1931. Six- 
teen of these were practically full-grown and some had had offspring of 
their own. Three gave a positive tuberculin test. Many in this pen 
also died when a few days old and no evidence of tuberculosis could be 
found. Sixteen guinea pigs died when two months or more old. Of 
these eleven had enlarged tracheobronchial and mesenteric lymph nodes 
and five had lymph nodes apparently normal. Six of the sixteen had 
congested areas in the lungs. 

To try to explain the results of this experiment would be fallacious 
first, because of the small number of animals considered, and, second, 
because of the lack of data in regard to the effect of the sunlight and arid- 
ity of this altitude on tuberculous organisms under the conditions of the 
experiment (Caldwell, Jour. Inf. Dis., 1925, xxxvii, 465; Weinzirl, Jbid., 
1907, supplement no. 3, p. 128). The latter probably would have little 
effect on the tuberculous guinea pigs but would affect the time of the 
natural infection of the offspring. Experiments are now started to get 
more information on the natural infection of guinea pigs housed under 
different conditions in this altitude. 


CONCLUSIONS 


1. Normal guinea pigs live longer in an open building than they do in 
either a wooden or a glass building. 

2. Offspring of normal guinea pigs housed in either an open, wooden 
or glass building are able to live and produce young. 

3. Guinea pigs are more able to combat a tuberculous infection housed 
in an open building than they are when housed in either a wooden or 
glass building. The percentage of days of life lost because of tuberculous 
infection in an open building was 11.6; in a wooden building, 32; and ina 
glass building, 24.1. 

4. Offspring of tuberculous guinea pigs housed in an open building are 
able to live and produce young, while offspring of tuberculous guinea pigs 
housed in either a wooden or glass building live only a short time. 


AN INTERPRETATION OF THE PATHOLOGY OF PUL- 
MONARY TUBERCULOSIS! 


E. M. MEDLAR anp K. T. SASANO 


There is a tendency for physicians to interpret pulmonary tuberculosis 
in terms of gross pathology. Tuberculous lungs, as seen at the autopsy 
table, present a great variation in the extent of involvement and in gross 
appearance. This has led to the coinage of numerous terms, such as 
“the productive type,” “the exudative type,” “gelatinous pneumonia,” 
“caseous pneumonia,” “chronic fibroid phthisis,” etc., to denote certain 
appearances of the tuberculous lung as seen postmortem. It is doubtful 
if any tuberculous lung ever shows a single ‘“‘type”’ of tuberculosis. One 
part of a lung may show “chronic fibroid phthisis” while another part of 
the same organ may be the seat of “‘caseous pneumonia.” All of the 
terms convey certain pictures readily to the mind of those familiar with 
the gross pathology of tuberculous lungs. They do not, however, give a 
clear conception of the sequence of events which have led up to the 
pathological condition. To the medical student the imposing list of 
terms deemed necessary to describe the tuberculous lung is confusing. 
He soon becomes discouraged in his attempt to understand the pathology 
of pulmonary tuberculosis because to him it appears very complex. ‘This 
paper will present an interpretation of the fundamental pathological 
facts of pulmonary tuberculosis in the hope that the subject may be 
more easily and more readily understood by the medical student. 

The material for this report became available through a study of the 
pathological changes produced in rabbits by a very virulent strain of a 
bovine tubercle bacillus. This strain of tubercle bacillus had such high 
pathogenicity that, when a few organisms were injected intravenously, 
progressive tuberculosis always ensued, with death occurring within a 
few months. Intravenous inoculation of the bacillus always produced 
generalized miliary tuberculosis. The lungs very commonly had the 
greatest pathological change of any of the organs. Frequently these 
organs were practically a solid mass of tuberculous tissue. Other organs, 
1 From the Hegeman Memorial Research Laboratory of the Metropolitan Life Insurance 


Company Sanatorium, Mount McGregor, New York. 
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such as the spleen, kidneys and gut, frequently showed extensive involve- 
ment, but the pathological involvement in these organs was more pro- 
nounced in animals which lived for several months after they were 
infected. 

It was noted that some animals had less extensive pulmonary change 
than others. The varying degrees of pulmonary involvement suggested 
the possibility of tracing the evolution of massive pulmonary tubercu- 
losis. We found it possible to control in a large measure the number of 
tuberculous lesions in the lung by increasing or decreasing the dosage of 
bacilli. It was found, however, that with rather heavy seeding of the 
lung with tubercle bacilli massive tuberculosis did not invariably develop. 
Many of the animals which died following a dosage of 3 to 5 mgm. of 
tubercle bacilli had only multiple discrete tuberculous lesions with con- 
siderable normal lung tissue between the tuberculous foci. Because of 
the discreteness of these lesions it seemed plausible that one could deter- 
mine by a study of the individual foci the way or ways in which tubercu- 
losis spread within the lung substance. 

To obtain the lesions at various stages of development, a series of 
animals was inoculated intravenously with the same dosage, 1 mgm. of 
tubercle bacilli,on the same day. The animals were then killed at differ- 
ent periods from forty-eight hours up to three weeks after inoculation. 
The material for study beyond the three-week stage was obtained from 
animals which died at from four weeks to six months after the date of 
their inoculation. Forty rabbits were used in this study. 

At autopsy the thoracic viscera were removed en masse. The lungs 
were filled with 10 per cent formalin and were thoroughly fixed in the 
distended state. Numerous blocks of tissue were then removed from 
various portions of the lungs for histological study. Paraffin sections 
were stained with haematoxylin and eosin for the cytological study of the 
lesions and duplicate sections were stained with carbol-fuchsin to dem- 
onstrate tubercle bacilli. 

In the lungs removed forty-eight hours after inoculation no gross 
lesions were observed until after fixation. Then the organs were seen to 
be seeded uniformly with very minute grayish spots. These spots on 
section proved to be alveolar walls which were congested and contained 
cellular exudate. The exudate was composed of mononuclear leucocytes 
and neutrophiles. An occasional mononuclear leucocyte or neutrophile 
was present in adjacent alveolar spaces. Tubercle bacilli were extremely 
difficult to find. Except for these minute lesions the lung tissue was 
normal. 
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By the end of six days the lesions were easily recognized in the fresh 
lung specimen. They were discrete with normal intervening lung tissue. 
Microscopical examination showed that the lesions had increased in size 
over those seen in the 48-hour lung. These lung lesions were the result 
of increased congestion and of a greater accumulation of mononuclear 
leucocytes and neutrophiles. Because of the cellular accumulation the 
alveolar walls were markedly thickened. The adjacent alveoli were 
often filled with an exudate of the same cell types as those seen in the 
alveolar walls. No giant cells were present and no evidence of caseation 
was seen. Tubercle bacilli were more numerous in these lesions than in 
the 48-hour specimen. 

At twelve days the lesions were considerably larger, many of the areas 
being 1 mm. in diameter. Histological examination showed two distinct 
types of lesion with gradations from one into the other. Typical mono- 
nuclear tubercles were present. These were composed wholly of mono- 
nuclear leucocytes. They apparently were formed by the infiltration of 
mononuclear leucocytes into the damaged alveolar walls. The adjacent 
alveoli contained a few to many cells of this type. In these lesions 
tubercle bacilli were present in small numbers. 

The second type of lesion was an abscess composed wholly of neutro- 
philes in the central portion and a mixture of neutrophiles and mononu- 
clear leucocytes in the periphery. These areas were larger than the 
mononuclear tubercles. The adjacent alveoli were often filled with a 
mixture of neutrophiles and of mononuclears. Bacilli were numerous. 

The lung at this stage had all gradations of lesions from the mononu- 
clear tubercle to the typical abscess. Tubercle bacilli became more 
numerous in the tuberculous foci as these approached the typical abscess 
type. 

Several of the abscesses gave evidence of a beginning erosion of a bron- 
chial wall or of the walls of a terminal bronchiole, with a slight amount of 
the inflammatory mass of the lesion lying free in the lumen of the bron- 
chus or of the bronchiole. In the free exudate tubercle bacilli were 
easily found. 

The lung tissue was normal except for the lesions described above. 
There was no evidence of caseation in any of the lesions. No giant cells 
were observed. 

The twenty-one-day lung specimens showed a marked increase in the 
size of the discrete tuberculous lesions. Many of the foci had now 
attained a size of from 1 to 3 mm. in diameter. 
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Sections from these lungs showed abscesses much larger than those 
present in the twelve-day specimens. Some of these abscesses were 
undergoing caseation. Other abscesses had eroded alveolar or bronchial 
walls, depending upon the location of the lesion. The contents of these 
abscesses were discharged, to a greater or less degree, into alveolar spaces 
or into the lumina of bronchi or of bronchioles. The lung parenchyma 
immediately adjacent to the lesions had become involved in the enlarging 
inflammatory process. Mononuclear tubercles were very rarely seen. 
No giant cells were observed. Tubercle bacilli were abundant in all 
lesions. 

In the lungs at this date we observed for the first time evidence of 
definite extension of the tuberculous process into previously normal lung 
tissue. This extension had occurred in two ways. The focal lesions had 
enlarged and the adjacent lung parenchyma had become involved. This 
type of extension had caused the enlargement of the isolated foci but 
had left the major portion of the lung tissue uninvolved. 

The second type of extension had occurred as a result of the rupture of 
the tuberculous abscesses into bronchi or bronchioles. With the inhala- 
tion of the contents of these ruptured abscesses new areas of lung tissue 
had become involved. These were entirely separate from the older and 
more advanced lesions and were composed of small groups of alveoli 
filled with inflammatory exudate. The alveolar walls surrounding these 
small foci appeared normal. These new areas of involvement contained 
large numbers of tubercle bacilli just as did the inflammatory exudate 
observed in the bronchi. 

If the dosage and virulence of the culture injected were sufficient the 
rabbits died at this stage without developing a massive pulmonary 
tuberculosis. 

From the twenty-one-day stage on there occurred a continuation of 
the ulcerative process noted above until eventually the lung became a 
solid mass of tuberculous tissue. Many of the lungs at their periphery 
showed pyramidal areas of consolidation, varying from 0.5 to 2 cm. in 
diameter at the base. These areas were found in all lobes of the lung. 
At the apex of the consolidated mass it was possible to demonstrate a 
tuberculous ulcer in a bronchus with considerable bacillus-laden exudate 
within itslumen. In the lungs that showed the most massive consolida- 
tion, numerous tuberculous ulcers were found in the larger bronchi. A 
single large bronchus would at times show three or four separate ulcers 
in a single section. 
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Sections of the massive pneumonic lungs presented a complex anatom- 
ical and cytological picture. Scattered throughout the tissue were rather 
large circumscribed areas of caseation. These represented the original 
discrete tuberculous foci which had undergone abscess-formation but 
which had not ruptured. Some of these old caseous foci showed areas 
of calcification. In the periphery of these areas there was a slight 
amount of lymphocytic infiltration. Then there were lesions of the same 
size which showed a partially caseated abscess. The lung tissue between 
these large foci was a mass of inflammatory exudate. In places this 
exudate consisted almost wholly of mononuclear leucocytes, in other 
places the neutrophiles were the most abundant cell, and in still other 
areas the relative proportion of these two cell types varied. Small foci 
of caseous material were found scattered at random in these areas. 
Giant cells of the Langhans type were seldom seen. Occasionally giant 
cells with a half-dozen nuclei were found within the alveolar spaces. 
In these areas the architecture of the lung could be seen, whereas in the 
caseous lesions practically none of the lung structure could be made out. 

A study of these sections for tubercle bacilli proved of interest. The 
old caseous lesions which showed areas of calcification contained very 
few bacilli. In areas where the neutrophiles predominated bacilli were 
present in large numbers. The foci where the mononuclear leucocytes 
predominated contained relatively few tubercle bacilli. The distribu- 
tion of tubercle bacilli in the bronchial ulcers was of interest. In the 
neutrophilic exudate, near the surface of the ulcer and in the bronchial 
lumen, the bacilli were present in masses. The tissues deep in the 
bronchial wall and in the adjacent lung parenchyma had caseous areas 
often with small foci of calcification, and in these areas bacilli were in- 
frequent. 

These massively involved tuberculous lungs showed practically no 
evidence of fibrosis, very little lymphocytic infiltration, and no large 
cavities. 

We have studied several lungs in which the dosage of virulent bacilli 
was so small that the animals lived for a period of from six to nine 
months. These lungs never showed massive involvement but they 
often had pyramidal pneumonic areas, which were 1 to 2 cm. in diameter. 
These lungs invariably showed marked calcification of caseous foci, 
fibrosis surrounding these areas and considerable lymphocytic infiltra- 
tion, in the peripheral portions of these lesions. The aveoli surrounding 
these areas were commonly filled with mononuclear leucocytes. Giant 
cells were, at times, numerous within the alveolar spaces. 
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Tubercle bacilli were absent or infrequent in the old caseous and cal- 
cifying lesions. Wherever one found collections of neutrophiles in any 
lesion, tubercle bacilli were numerous. 

The bronchial ulcers in such lungs showed all degrees of repair. This 
varied from no repair in the active ulcers which had large numbers of 
tubercle bacilli to practically complete repair in those ulcers where the 
old tuberculous focus had been completely reamed out. Where the 
repair was well under way, the surface of the ulcer was being covered by a 
single layer of flat epithelial cells. Tubercle bacilli were very hard to 
find in such lesions. 

Pleural adhesions were quite commonly encountered in our series of 
animals. The earliest adhesion noted was at twelve days. These 
adhesions were never massive in type. No case of tuberculous empyema 
has occurred in our series of rabbits. 


DISCUSSION 


It is difficult to give a simple logical explanation of the bizarre path- 
ological changes present in a lung extensively involved with tuberculosis. 
Several factors have to be kept in mind. Individual resistance of the 
host is a factor which it is impossible to determine or to forecast. The 
relative pathogenicity of the strain of bacillus used experimentally can 
be determined to a fair degree by using several animals of the same stock. 
The pathogenesis of the lesions may be determined by inoculating a series 
of animals with the same dosage of tubercle bacilli and then killing them 
at different dates after their infection. In other words, time, dosage 
and virulence of the strain of tubercle bacillus used are factors which can 
be largely controlled and which must be properly evaluated in experi- 
mentally produced pulmonary tuberculosis. 

Pulmonary tuberculosis in the rabbit, such as we have described above, 
differs in some respects from pulmonary tuberculosis in human beings. 
In spite of the apparent differences between tuberculosis in the rabbit 
and in the human lung, we believe that the fundamental pathological 
principles are the same in both instances. We have seen all of the varied 
pathological phenomena in the rabbit that we have ever seen in human 
pulmonary tuberculosis. The only differences, such as extensive cavi- 
tation, marked fibrosis, etc., are in the degree to which such processes 
have been present. We believe that the chief reason for the differences 
is that the human being has had some previous contact with the tubercle 
bacillus, thereby developing some resistance to the infection, whereas 
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the rabbits experienced their first contact with the tubercle bacillus on 
the day they were inoculated. Another factor of real significance is 
that the rabbits were given a single injection which contained far more 
tubercle bacilli than any human being would inhale or ingest at a single 
exposure to infection. 

We are of the opinion that the pathology of pulmonary tuberculosis is 
rendered more difficult to understand because a complex terminology 
has been created to “‘pigeon-hole” certain gross appearances of the tuber- 
culous lung. Such a condition as “caseous pneumonia” does not arise 
instantaneously. It takes time to produce sucha lesion. Also thenum- 
ber and virulence of tubercle bacilli in the lesion are of great importance. 
Besides these factors there must have been a certain evolution of a tuber- 
culous focus which preceded the “‘caseous pneumonia.” It seems to us 
that it would clarify and simplify the complex pathological process 
present in a tuberculous lung if one would disregard the terminology in 
vogue at present and in its place interpret the whole process on the basis 
of inflammation and repair. “Inflammation,” to quote (1) Opie, “may 
be defined as the process by which cells and serum accumulate about an 
injurious agent and tend to remove or destroy it.’”’ Repair may be de- 
fined as the readjustment of the injured area after the injurious agent 
has been removed, destroyed or rendered innocuous. Usually this 
readjustment is signified by the production of scar tissue. 

The reaction to tubercle-bacillus infection is one of inflammation from 
its onset to the time when the damaged area is entirely removed or is 
replaced by fibrosis or by calcification and fibrosis. When the term 
“productive type of tuberculosis” is used, one is led to understand that 
the pathological change present is a result of the local proliferation of the 
tissues involved in the tuberculous lesion. We have found no evidence 
in our experimental studies that has led us to believe that the local 
tissues “proliferate” any more at this stage of the disease than at the 
stage where the term ‘“‘exudative type of tuberculosis” may be properly 
applied to the pathological picture. In tuberculosis, if one finds neutro- 
philes and fibrin present in the lesion, the inflammatory nature of the 
process is at once accepted. If, however, as in the “epithelioid” tubercle, 
the reaction is wholly mononuclear leucocytes, “proliferation,” not 
“inflammation” is the reason given for the lesion being produced. Both 
the monocyte, which is now commonly accepted as the cell type which 
forms the tubercle, and the neutrophile are mobile cells which occur 
in the circulating blood and both leave the circulation to enter vari- 
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ous pathological lesions. Whenever these cells are found accumu- 
lated outside of the circulation we have an inflammatory reaction. We 
have found no evidence to indicate that a mononuclear tubercle is any 
more of a productive lesion than is a tuberculous abscess, composed 
almost wholly of neutrophiles. That tuberculous lesions composed 
wholly of monocytes have a different significance than the tuberculous 
lesions composed very largely of neutrophiles is granted, but they are 
both inflammatory foci. 

Cavitation in human pulmonary tuberculosis is very commonly as- 
scribed to a secondary infection of a tuberculous lesion with pus-produc- 
ing bacteria, such as the pneumococcus or the streptococcus. In the 
studies presented in this article we have used the term “tuberculous 
abscess” frequently. These lesions are typical abscesses composed 
almost wholly of neutrophiles. They are pure tuberculous lesions in 
animals never before infected with tubercle bacilli. We have seen that 
these abscesses can rupture just the same as any nontuberculous abscess 
can rupture. Since typical pus can be produced as a reaction to pure 
tubercle-bacillus infection, we can see no logical reason for attributing 
cavity-formation or even abscess-formation to secondary-invading, pus- 
producing bacteria. That these bacteria may be present is unquestioned. 
But they are not an essential factor in the process of cavitation. 

As medical men we are too often satisfied with playing the réle of a 
taxonomist. Taxonomy has a very important place as a conveyor of 
ideas, but, unless the ideas conveyed by the terminology used contain 
fundamental truths, taxonomy is of little value and may even obscure 
fundamental facts. Thus the term “tubercle” is restricted by many to 
such structures as arise from infection with the tubercle bacillus. If 
similar structures occur in a nontuberculous infection, such as Br. abortus, 
the term “tuberloid”’ is created to signify that there is a fundamental 
difference in the structures. Chemically there probably is some differ- 
ence but histologically there is no significant difference. Even in tuber- 
culosis one can find ‘“‘tuberloid” tubercles if one restricts sufficiently the 
requirements for a typical tubercle. 

There appears to have arisen a strong desire to set tuberculosis aside as a 
disease peculiar unto itself among infectious diseases. One often sees 
in the literature references to the “specific” pathology of tuberculosis. 
It is probably true that there is some chemical specificity in tuberculous 
infections. However, the more familiar one becomes with the tissue 
reactions in tuberculous and nontuberculous lesions the less is one im- 


| 
| 
] 
| 

di 


INTERPRETATION OF PATHOLOGY 713 


pressed with morphological specificity. Since the tubercle bacillus may 
be the incitant of abscess-formation under certain conditions and of 
tubercle-formation under other conditions, it would seem impossible to 
designate which is the “specific” lesion. It appears more logical to us 
to interpret the different reactions observed in tuberculous lesions upon 
the general biological phenomenon of inflammation and repair than to 
attempt to set them aside as “‘specific” for this one infection. Nature 
works on general biological principles and has not set up a “‘pigeon-hole”’ 
system. 

We have not discussed the process of caseation or the réle the different 
leucocyte types play in the pathogenesis of tuberculosis since one of us (2) 
(3) has previously reported on this phase of the subject. The variations 
and combinations that are often found in the gross and in the micro- 
scopic study of the pathology of tuberculous tissues present a rather 
complex picture. A single tuberculous focus often shows as bizarre a 
pathological picture in miniature as a whole tuberculous lung. In 
different parts of such a lesion it is possible to find (1) “epithelioid” or 
mononuclear tubercles; (2) collections of neutrophiles, abscess-formation; 
(3) caseous areas, necrosed abscesses, and (4) a diffuse infiltration of 
mononuclear leucocytes and of lymphocytes, foreign-body giant cells, 
and considerable increase of fibrous tissue,—evidence of reparative 
process. Thus all stages from acute inflammation to advanced repair 
may be found in different portions of one tuberculous focus. A whole 
tuberculous lung adds nothing new except the greater volume of tissue 
involved in one or another phase of inflammation or of repair. If this 
interpretation is correct then the complex pathology of tuberculosis 
becomes as simple and as easily understood as the pathology of a furuncle. 

If one produces multiple foci of tuberculosis in the lung by a single 
intravenous injection of tubercle bacilli all of the areas will not undergo 
the same evolution. Some lesions will slowly retrogress and _ heal. 
Others will proceed to abscess-formation which does not rupture but 
does undergo caseation. These foci often calcify. Repair of such 
areas by fibrosis is always slow. Still other lesions will undergo abscess- 
formation and these abscesses will rupture. With the discharge of the 
contents of these abscesses, “spreading’’ of the tuberculous process to 
previously uninvolved lung tissue commonly occurs. The evolution of 
these new foci of tuberculosis will simply be a repetition of one or the 
other phase just described. Thus in one lung with a single seeding of 
tubercle bacilli all stages of inflammation and repair may be demonstrated 
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if the lung is examined at the right time. This in brief is the pathology 
of pulmonary tuberculosis. 

There are three recognized ways by which tuberculosis may be dis- 
seminated within the lung structure. These are aerogenous, haematog- 
enous and lymphogenous. In our experiments we have used the 
haematogenous route and we have consistently produced a bilateral 
miliary tuberculosis in the lungs. The advantage of this method is 
that it produces multiple discrete tuberculous foci within the lung paren- 
chyma without the air-passages of the lung being primarily involved. 

The lymphogenous dissemination or extension of the tuberculous 
process through the lymphatic system of the lung has been admirably 
reported by Miller (2). This method of dissemination in our experi- 
ments has been of little importance. 

The term “massive pulmonary tuberculosis” is used to denote that all 
of the lung tissue of an entire lobe or of an entire lung is involved. There 
is but a small amount of normal lung tissue present. All of the lungs in 
this study had multiple tuberculous foci, and in the majority of instances 
there was a considerable amount of normal lung tissue between these 
areas. Such lungs we did not consider as showing the “massive” type of 
involvement. 

There is no question that the production of massive extension of 
the tuberculous process within the lungs that we have studied was due 
very largely to the rupture of tuberculous abscesses into the bronchial 
tree and an inhalation of this material into previously normal lung tissue. 
In other words, the extensive spreads of the tuberculosis were of bron- 
chogenic origin and were dependent upon the presence of ulcerative 
tuberculous lesions somewhere in the wall of the bronchial tree. This 
method of dissemination is unquestionably the way in which extensive 
pulmonary tuberculosis is produced in the human lung. In other 
words, “spreads” of human pulmonary tuberculosis, cavitation and 
haemorrhage are dependent upon the rupture of tuberculous abscesses 
just as are such occurrences in the rabbit lung. 


CONCLUSIONS 


1. Massive pulmonary tuberculosis in the rabbit is dependent upon the 
rupture of pulmonary tuberculous abscesses into the bronchial tree and 
inhalation of the contents of these abscesses into the previously unin- 
volved lung tissue. It seems plausible that this is also the method of 
extensive dissemination of tuberculosis within the human lung. 
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2. The pathology of pulmonary tuberculosis is essentially a process 
of inflammation and repair. Interpreted upon the basis of inflammation 
and repair the complex pathology becomes greatly simplified and more 
easily understood. 

3. The complex terminology used to describe the bizarre pathology of 
pulmonary tuberculosis is unnecessary and confusing. 

4. The term “specific”? when used in connection with tuberculous 
lesions should be restricted to denote a biochemical, not a morphological 
specificity. 
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PLATE 1 


Fic. 1. Lung 48 hours after intravenous inoculation of virulent bovine tubercle bacillus. 
Note numerous small black spots; these are tuberculous lesions. 8. 

Fic. 2. One of small lesions in fig. 1 enlarged. Note that lesion is made up of damaged 
alveolar walls and inflammatory reaction. 160. 
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Fic. 3. Lung 6 daysafterinfection. Lesions are larger and more easily seenin gross. X8. 
Fic. 4. Enlargement of one of lesions in fig. 3. The essential difference between figs. 2 
and 4 is the greater amount of inflammatory exudate. 160. 
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Fic. 5. Lung 12 days after infection. Note that lesions are much larger but are dis- 
crete. XS. 

Fic. 6. Mononuclear tubercle. 400. 

Fics. 6, 7, 8 are all enlargements of lesions from fig. 5. 
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PLATE 4 


Fic. 7. Mononuclear tubercle. Note necrosis of mononuclear leucocytes and early infil- 
tration of neutrophiles. 400. 

Fic. 8. Tuberculous abscesses. Black areas are dense accumulations of neutrophiles. 
Abscess to left is opening into a bronchus. 240. 
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Fic. 9. Lung 21 days after infection. Lesions very large; abscesses in most lesions. Some 
lesions show typical caseation. Lesions have ‘“‘spread’” by peripheral extension and by 
inhalation of exudate from ruptured abscesses. 8. 

Fic. 10. Enlarged area of fig. 9. Note discharging abscess in bronchus to the right. 
Lesion below bronchus shows some peripheral extension and typical caseation. There are 
several “spreads” in the lung tissue independent of the peripheral extension of the par- 
enchymal lesions. These appear to be due to inhalation from lesions in the bronchi as shown 
to the right. 160. 
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Fic. 11. Lung 40 days after infection. Note the numerous lesions discharging into the 
bronchi and the ‘‘massive”’ tukerculosis. The original abscesses are seen as lighter-staining 
caseous foci. The extensive involvement of the lung is due in large part to ‘‘bronchogenic” 
spreading. 
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PLATE 7 
Fic. 12. Bronchial tuberculous ulcer undergoing repair. Note effective “‘reaming-out” of 
abscess, scar-tissue and lymphocytic infiltration in bronchial wall, and single layer of flat 
epithelium covering the surface down close to the point where the abscess portion is still 
attached. 120 days after infection. 160. 
Fic. 13. Wedge- or fan-shaped tuberculous lesion with large ulcerated bronchus at apex. 
Black areas are calcified portions and lighter areas are caseous foci. 95 days after infec- 
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A COMPARISON OF THE EFFECTS OF VIOSTEROL IN 
ACUTE EXPERIMENTAL AVIAN AND BOVINE 
TUBERCULOSIS! 


TOM DOUGLAS SPIES anp THOMAS TIPTON WALKER 


It is well known that the tuberculosis occurring in cattle undergoes 
marked spontaneous calcification whereas that in birds practically never 
calcifies. Since these two forms of tuberculosis are due to two separate 
strains of tubercle bacilli and occur in different animals this contrast 
in the degree of spontaneous calcification might be accounted for either 
by a difference in the reaction of the animals to’tuberculous infection or 
by a difference in the lesions resulting from the two strains of tubercle 
bacilli. 

Since vitamine D was first prepared in highly concentrated form many 
studies have been made on the effect of large doses of viostérol in normal 
and diseased animals. Kreitmar and Moll (1), Harris and Moore (2), 
and Kreitmar and Hintzelmann (3) have shown that the administration 
of an excess of vitamine D causes a rise in the calcium content of the 
blood and the deposition of calcium in certain organs, particularly the 
aorta and kidneys. Spies and Glover (4) produced extensive calcifica- 
tion of the renal arterioles, tubules and glomeruli in rabbits by the use 
of repeated massive doses of viosterol. This resulted in cachexia, reten- 
tion of the nitrogenous constituents of the blood, and death. Spies (5) 
observed that the caseous lesions of acute experimental bovine tubercu- 
losis in rabbits calcify more extensively in animals which have received 
repeated large doses of viosterol. Spies (6) also showed that large doses 
of viosterol increase the deposition of calcium salts in the lesions of chronic 
experimental bovine tuberculosis in rabbits. Walker and Spies (7) 
found that repeated large doses of viosterol greatly increase the deposi- 
tion of calcium salts within the caseous lesions of acute experimental 
bovine tuberculosis of guinea pigs and also cause extensive calcification 
of the parenchyma of the heart, liver and kidneys of the tuberculous 


animals. 
1From the Pathological Laboratories of the Boston City Hospital and the Sanatorium 


Division of the Boston City Hospital, Boston, Massachusetts. 
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The present study was undertaken with the idea of comparing the 
calcifying effect of viosterol on acute experimental avian tuberculosis 
with that previously reported (7) in acute experimental bovine tubercu- 
losis in order to determine, if possible, whether the difference in degree of 
calcification occurring in bovine and avian tuberculosis is due to a differ- 
ence in the organisms themselves or to a difference in the reaction of their 
natural hosts. By using the guinea pig as the experimental host in both 
instances the possibility of a difference in the degree of calcification being 
due to a difference in species was eliminated. 

It is well known that guinea pigs are much more susceptible to bovine 
than to avian tuberculosis. For this reason a comparison of the calcifi- 
cation produced by viosterol in the two types of the disease is difficult 
because infections of the same duration are not of equal severity. In 
order to produce lesions closely comparable in severity it was necessary 
to allow the avian disease a longer period of development before the 
administration of viosterol was begun. We have compared the calcifying 
effect of viosterol in avian with that previously reported in bovine tuber- 
culosis of guinea pigs both as regards duration of the disease and infections 
of comparable severity. 


MATERIALS AND METHODS 


The procedure closely paralleled that already reported in bovine 
tuberculosis. 

One cubic centimetre of a heavy saline suspension of a twenty-day 
culture of highly virulent bacilli of avian tuberculosis grown on a modified 
egg medium was injected into the jugular vein of each of 12 healthy young 
adult male guinea pigs averaging 590 gm. in weight. The animals were 
divided into two groups and kept in cages on the usual laboratory diet. 

Group A consisted of 7 animals. Twelve days were allowed for the 
disease to develop. Then a preparation of viosterol,? having ten thou- 
sand times the antirachitic potency of codliver oil, was given by mouth 
to five of the 7 guinea pigs in doses as follows: 18 minims on the 12th day, 
9 minims on the 13th day and 9 minims on the 16th day following the 
injection of tubercle bacilli. The remaining 2 guinea pigs were used as 
controls and received no viosterol. All of the animals of group A died 
or were killed in from 17 to 22 days after inoculation. 

Group B consisted of 5 guinea pigs in which thirty days were allowed 


? Furnished through the courtesy of the Mead-Johnson Co. 
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for the disease to develop. Then a similar preparation of viosterol was 
given by mouth to each of three of the 5 animals in doses as follows: 30 
minims on the 30th day, 15 minims on the 31st day, 15 minims on the 
33rd day and 15 minims on the 34th day following inoculation. The 
remaining 2 animals were used as controls and received no viosterol. 
All of the animals in group B died in from 30 to 36 days after the injection 
of tubercle bacilli. 

Autopsy was done as soon after death as feasible. Tissue from the 
heart, lungs, liver, spleen and kidneys was fixed in Zenker’s fluid, 10 
per cent formalin and a mixture of alcohol—the formalin, nine parts 95 
per cent alcohol to one part 40 per cent formalin. Celloidin sections of 
the alcohol-formalin fixed tissues were stained with haematoxylin and 
eosin and by the silver method of VonKossa. The carbol-fuchsin 
method of Ziehl-Neelsen was used to demonstrate tubercle bacilli in 
sections of alcohol-formalin, and of Zenker-fixed material. Calcium 
deposits in the tissues were identified by their solubility in acid and by 
the following histological criteria, using alcohol-formalin-fixed tissue: 
(1) when stained with haematoxylin and eosin the precipitated calcium 
appeared as a dark blue coarsely granular material, and (2) after treat- 
ment with a 5 per cent solution of silver nitrate for thirty minutes, wash- 
ing in water and counterstaining with a 5 per cent solution of basic 
fuchsin for one minute, the calcium precipitate was deep brownish-black 
in color. 


RESULTS 
Gross Description 


Group A: All of the animals died or were killed in from 17 to 22 days 
following injection with tubercle bacilli. None of the animals showed 
gross changes in any of the organs. 

Group B: All of the animals died in from 30 to 36 days after inocula- 
tion. There was from moderate to marked loss of weight in every 
animal. The organs of the treated animals were grossly negative except 
for small tubercles in the lungs of one of the three. In one of the two 
controls there were small tubercles in the lungs and spleen and a tubercu- 
lous pericarditis. 


Microscopic Description 


In considering the microscopic changes groups A and B will be con- 
sidered separately. Each organ of group A will be described first in the 
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experimental and then in the control animals. Then group B will be 
treated in a like manner. Numerous acid-fast-bacilli were found in the 
lesions of all the animals. 

Group A: Five Experimental, Two Control Animals: Heart: Tubercu- 
lous lesions in three of the five. A moderate deposit of calcium is found 
in the lesions of one. Neither control shows tuberculous lesions or cal- 
cium deposition. 

Lungs: Tubercles in three of the five. No calcium deposited in any. 
No tubercles or calcification in either control. 


TABLE 1 


DURATION DURATION CALCIFICATION 


OF MEDI- 
CATION Heart | Lung | Liver Spleen | Kidney 


Group A 


minims 
absent absent | absent | absent | absent 
absent absent | absent | absent | absent 
absent absent | absent | absent | absent 
moderate | absent | absent | slight | moderate 
absent absent | absent | absent | absent 
absent absent | absent | absent | absent 
absent absent | absent | absent | slight 


Group B 


20 absent absent | absent | absent | absent 
zt absent absent | slight | absent | absent 
22 absent absent | absent | absent | moderate 
23 marked absent | absent | marked} moderate 
24 absent absent | absent | absent | absent 


Spleen: Tubercles in all of the five animals. A slight deposit of cal- 
cium is found in the tuberculous lesions of one. Tubercles present in 
both of the controls but neither contains calcium deposits. 

Liver: Tuberculous lesions in three of the five. None shows calcifica- 
tion. Tubercles in both controls but no deposits of calcium. 

Kidneys: No tuberculous lesions in any of the five. A moderate 
deposition of calcium occurs in the parenchyma of one. No tubercles in 
either control. Slight calcification of the parenchyma is found in one. 

Group B: Three Experimental, Two Control Animals: Heart: Tubercles 
found in one of the three. Marked calcification of the parenchyma occurs 
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in one. A tuberculous pericarditis occurs in one. Neither shows 
calcification. 

Lungs: Tubercles found in two of the three. No calcification present. 
One of the controls contains tuberculous lesions but neither shows calcium 
deposition. 

Spleen: Tubercles occur in all three. The arteries of one of the three 
are markedly calcified but the tuberculous lesions contain no deposits of 
calcium. Tubercles are found in both controls but neither shows 
calcification. 

Liver: Two of the three contain tuberculous lesions but no calcium 
deposition occurs in any of the three. Tubercles are found in both 
controls. The lesions of one are slightly calcified. 

Kidneys: None of the three contains tubérculous lesions. The par- 
enchyma of two contains a moderate deposition of calcium. The controls 
are negative. 

DISCUSSION 


It has been clearly shown by several investigators (1) (2) (3) that an 
excess of viosterol causes an increase in the level of the blood-calcium 
and also a deposition of calcium salts in various organs, especially in the 
aorta and kidneys. Watchorn (8) and Ashford (9) have found that with 
the increase in blood-calcium resulting from a hypervitaminosis D there 
occurs simultaneously a greatly increased elimination of calcium by the 
kidneys. Since a spontaneous calcification of tubercles takes place in 
certain forms of tuberculosis and represents one of the reparative proc- 
esses of the body, it seems logical that a hypercalcaemia would favor the 
deposition of calcium salts in the lesions of tuberculosis and thus increase 
the resistance of the host to infection by the tubercle bacillus. Spies 
has shown that repeated large doses of viosterol cause an increased calcifi- 
cation of both acute and chronic experimental bovine tuberculosis of 
rabbits. We have found the same to be true in acute bovine tuberculosis 
of guinea pigs, and also that extensive depositions of calcium salts occur- 
red in the parenchyma of the heart, liver and kidneys. 

The present study was undertaken to determine whether acute avian 
tuberculosis of guinea pigs would calcify as extensively, following re- 
peated massive doses of viosterol, as bovine tuberculosis under the same 
conditions. We believe that our results conclusively show that in avian 
tuberculosis there is little or no calcification, either of the lesions or the 
parenchyma. This is in striking contrast to the marked calcification 
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which occurred in bovine tuberculosis, and is of interest in view of the 
fact that tuberculosis of cattle undergoes marked spontaneous calcifica- 
tion whereas that which occurs in birds practically never calcifies.. Since 
the guinea pig was the experimental host in our studies on both the avian 
and bovine types of the disease, it necessarily follows that the difference 
in the degree of deposition of calcium salts must be due to some contrast 
either in the infections or in the reactions produced by the two strains 
of tubercle bacilli. In general, the avian were less necrotic than were the 
bovine lesions, which might account for the difference in the degree of 
calcification within the lesions themselves, but certainly not directly, 
for the discrepancy in the amount of calcium deposited in the parenchyma 
of the heart, liver and kidneys. The contrast in the degree of calcium 
deposition observed in these two types of tuberculosis may possibly be 
accounted for in one or more of several ways. First, a fundamental 
difference exists in the toxicity of the two strains of bacilli. Second, 
there is a greater generalized nonspecific toxicity of the bovine type of 
disease with associated deposition of calcium salts. Third, the animals 
of the bovine group were more emaciated than those of the avian and 
were in some way more susceptible to the hypervitaminosis. 


The dosage of viosterol used in these experiments is much larger propor- 
tionately than should ever be used clinically, and would of itself prove 
fatal to the animals if long continued. 


SUMMARY 


1. The administration of repeated large doses of viosterol to guinea 
pigs with acute avian tuberculosis causes little or no increase in the calcifi- 
cation of the lesions or within the otherwise normal parenchyma of 


certain organs. 
2. This degree of calcium deposition is very much less marked than that 


which occurs in acute bovine tuberculosis under the same conditions. 
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BIOCHEMICAL STUDIES OF BACTERIAL DERIVATIVES 


XV. Changes in the Chemical and Biological Properties of Human Tubercle 
Bacillus Polysaccharide MB-200 Produced by Mild Acid Hydrolysis! 


K. L. McALPINE anp PETER MASUCCE 


In preceding papers of this series (1) (2) a method was described for iso- 
lating the specific soluble substance from the filtrate of human tubercle- 
bacillus (H37) cultures grown on a synthetic medium. It was shown 
that the substance possessed great activity when tested against the 
homologous sera; that it contained about 30 per cent of pentoses, and 
was made up essentially of units of d-mannose, d-arabinose and some 
unidentified sugar acid. With more and purer material at our disposal, 
it has been possible to study and establish further data in regard to some 
of the chemical and biological characteristics of this polysaccharide. By 
subjecting the substance to mild acid hydrolysis, we have been able to 
study more completely the products of hydrolysis and have established 
certain relations between specificity, time of hydrolysis, percentage of 
reducing sugars, percentage of d-arabinose, and optical rotation. 

The polysaccharide is fairly resistant to acid hydrolysis. To obtain 
the maximum yield of reducing sugars it is necessary to heat in an auto- 
clave at 120°C. for two hours with strong mineral acid (5 per cent sul- 
phuric acid). Dorset and Henley (3), working with a similar although 
much more impure substance, found that the greater part of the arabinose, 
along with some mannose, could be obtained by first heating the solution 
in the autoclave with 2 per cent sulphuric acid. The portion which re- 
mained unhydrolyzed at this point was precipitated and separated from 
the free arabinose by means of 80 per cent alcohol. The residue was then 
further hydrolyzed by heating in the autoclave with rather strong (10 
per cent) hydrochloric acid. This second acid treatment yielded compar- 
atively large amounts of mannose with very little arabinose. We have 
been able to confirm fully these qualitative observations and have ex- 
tended these studies more along quantitative lines. 


1 This report is part of a codperative investigation conducted under the auspices of the 


National Tuberculosis Association. 
2 Mulford Biological Laboratories, Sharpe & Dohme, Glenolden, Pennsylvania. © 


729 


a 
ig 
tke 
ag 
33 
* 
gt 
i 
i 
d 
th 
|_| 
4 
3 RY 


730 K. L. MCALPINE AND PETER MASUCCI 


Although heating in an autoclave with strong mineral acids is necessary 
to hydrolyze the polysaccharide completely, it was found that on sub- 
mitting the polysaccharide to purification methods in weakly acid solu- 
tions at moderate temperatures, a gradual loss of biological activity oc- 
curred, as measured by the precipitin titre against the homologous sera. 
This indicated either a loss of the active material during the purification 
process, or else changes took place in the structure of the polysaccharide 
which reduced its activity when tested against the homologous sera. 
This latter hypothesis was put to experimental tests by making a study 
of the relationship between the loss of biological activity and gain in 
reducing power during hydrolysis at various degrees of acidity and 
temperature. 


EXPERIMENTAL 
Experiment 1: 0.20 gm. H37 polysaccharide no. 46,524 was heated in 
N H,SO, as shown in table 1. Reducing substances were determined by 
the Shaffer-Hartmann microchemical method and the precipitin titre 
by the method already described by us (1). 


TABLE 1 


REDUCING SUGAR AS 
TIME OF HEATING GLUCOSE 


minutes per cent 
10 1/512,000 (2 hours) 
30 1/512 ,000 (2 hours) 
90 1/512 ,000 (2 hours) 


10 1/32 ,000 (14 hours) 
30 1/32 ,000 (34 hours) 
90 Less than 1/2000 


None 
None 
None 


None 

None 

None (contents of tube 
very badly charred) 


On examining table 1 it will be seen that the rate of destruction of the 
substance responsible for the precipitin titre is much more rapid than the 
rate of formation of reducing sugars. In fact the destruction was so 


TEMPERATURE PRECIPITIN TITRE 
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100 10 40 
100 30 45 
100 90 55 
135 10 40 
135 30 70 
135 90 38 
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rapid that it seemed wise to employ much weaker acid for the quantita- 
tive study as outlined below. We hoped in this way to split off one or 
more of the monosaccharides. In the preparation of crystalline turanose 
from melizetose, Hudson and Pascu (4) found that if that polysaccharide 
was heated with 0.6 per cent sulphuric acid at 100°C. for 15 minutes the 
cleavage was complete. In our study the hydrolysis was effected by still 
weaker acid (N/25 sulphuric) at 100°C. The method is outlined below. 


Experiment 2: 1.0 gm. human-type (H37) polysaccharide no. 52,375 
was dissolved in 25 cc. of N/25 sulphuric acid. The solution was hydro- 
lyzed in a glass-stoppered container kept in a constant-temperature oven 
at 100°C. The reduction and precipitin titre were determined at inter- 
vals in the following way: one cc. of the hydrolysate was withdrawn, 
cooled, and neutralized with 1 cc. of N/25 NaOH. One cc. of the neu- 
tralized solution was removed and diluted with water so that 5 cc. of the 
diluted material contained approximately 0.5 mgm. sugar, calculated as 
glucose. This procedure was followed because it has been our exper- 
ience that the reducing power of these split-products, as determined by 
the Shaffer-Hartmann micromethod, does not follow a linear law, and, 
therefore, concordant results can be obtained only when the amount of 
reduction falls within certain rather narrow limits. 

The precipitin titre was carried out by the usual method, except that 
the incubation period was two hours at 37°C., and all readings were made 
on the following morning. 


TABLE 2 
Showing the change in reducing power and precipitin titre during hydrolysis 


PER CENT REDUCING POWER IN 
TERMS OF GLUCOSE 


PRECIPITIN TITRE 


TIME OF HYDROLYSIS 


hours 


0 5.75 1,500,000 
} 6.30 +1,280,000 
1 8.3 +1,280,000 
1} 10.0 +1,280,000 
2 11.2 640 ,000 


§ The analysis of this lot was as follows: 


(a)p after heating 5 hours in 


4 
a 
4 
a 
2.5% H:SO; +4.0° 
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TABLE 2—Concluded 


PER CENT REDUCING POWER IN 
TIME OF HYDROLYSIS TERMS OF GLUCOSE PRECIPITIN TITRE 


hours 
5 14.7 320 ,000 
4 19.7 160 ,000 
5 2522 80 ,000 
6 26.0 40 ,000 
7 26.5 +16 ,000 
8 28.5 
9 33.7 
10 $5.2 
11 36.0 
12 4 
13 31.9 
14 31:2 
15 38.2 
16 39.0 
43.0 


Experiment 3: 2.0 gm. human-tubercle-bacillus polysaccharide no. 
52,375 was heated in 50 cc. N/25 sulphuric acid at 100° C. for six hours. 
Before the heating was started, 1 cc. was removed for precipitin titra- 


tion, and at the end of the six-hour period another 2-cc. sample was 
removed for the determination of reducing power and precipitin titre. 


Precipitin titre before heating 
Precipitin titre at the end of 6 hours 
(a)p at the end of 6 hours 


To the hydrolyzed solution was added 0.183 gm. barium carbonate, 
which was then heated on the water-bath for one-half hour, and then 
filtered. The filtrate was evaporated under reduced pressure to about 
2cc. Fifty cc. methyl alcohol was added, and the mixture shaken until 
the precipitate had become granular. The precipitate was removed by 
centrifugating, washed with alcohol, and dried. This yielded 0.727 gm. 
of a pure white dry powder. This powder was dissolved in 5 cc. water 
and a small amount of insoluble matter removed by centrifugation. The 
weight of the material remaining in solution was 0.714 gm. This was 
made up to 10cc., which, on analysis, yielded the following data: 
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Reducing sugar after further hydrolysis with N/2 sulphuric acid 


The above solution gave no hydrazone with phenylhydrazine. How- 
ever, on subjecting it to further strong hydrolysis, it then yielded charac- 
teristic crystals of mannose-phenyl-hydrazone. Apparently the mannose 
still existed in the form of some complex and not as free mannose. It was 
our intention to submit the alcohol-soluble fraction to a similar investi- 
gation, but through an accident this fraction was lost. 


Experiment 4: This is a duplicate of experiment 3 except that the frac- 
tion insoluble in alcohol was taken up in water and reprecipitated with 
alcohol. The weight of the fraction insoluble in methyl alcohol was 
0.4988 gm. ‘The precipitin titre was 1/32,000. 

This fraction was then heated in N/2 sulphuric acid at 120° C. for two 
hours, cooled, and the optical rotation determined. The (a)> was 
+ 15.7°. . 

The solution was neutralized, and the mannose precipitated by the 
addition of a clear solution containing 1 gm. each of phenylhydrazine- 
hydrochloride and sodium acetate. The characteristic hydrazone came 
out almost at once. The solution was left over night in the cold and the 
hydrazone was filtered off, washed with a little water, dried, and weighed. 
The yield was 0.293 gm. 

The alcohol-soluble fraction was dried to a yellow gum in the desic- 
cator over sulphuric acid and then dissolved in 10 cc. N/2 sulphuric 
acid. A sample on analysis gave the following data: 


Reducing sugar as glucose after a further hydrolysis at 120°C. for 


The remainder of the solution was then heated at 120° C. for two hours. 
This was worked up for mannose-phenyl-hydrazone in the same way 
as the other fraction. The yield of hydrazone was 0.103 gm. 

Experiment 5: The purpose of this experiment was to learn something 
of the state of combination of the pentose as well as its distribution. 
The initial hydrolysis was carried out as in experiment 4. On treating a 
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portion of the alcohol-soluble fraction with diphenyl-hydrazine only a 
very small amount of an ill-defined hydrazone was obtained. However, 
on subjecting this fraction to the second strong hydrolysis, diphenyl- 
hydrazine then precipitated out characteristic crystals of arabinose- 
diphenyl-hydrazone. This material was decomposed with formaldehyde 
in the usual way, and a thick syrupy solution of the sugar was obtained. 
It would appear that the initial mild hydrolysis either does not split off 
free arabinose, or that the complex mixture of split products prevented 
the separation of its diphenyl-hydrazone. 


DISCUSSION 


By subjecting the human-tubercle-bacillus H37 polysaccharide to 
mild acid hydrolysis it may be split into two fractions: 

1: An alcohol-insoluble fraction: This is a white dry powder containing 
large amounts of combined mannose, a small amount of pentose, and al- 
most no free reducing sugars. It has a relatively high optical rotation 
and a low precipitin titre. 

2: An alcohol-soluble fraction: A bright yellow gum (the color cannot 


be removed by shaking its solution with charcoal) containing the greater 
part of the original pentose and possessing a relatively low optical rota- 
tion and a relatively high precipitin titre. 

These findings seem to offer a plausible explanation of why the precipi- 
tin titre decreases as purification progresses. The original filtrate from 
the microérganisms probably contains quite appreciable amounts of this 
fraction, 1, due to autolysis of the gum on standing in the incubator sev- 
eral weeks. The amount is then further increased because of the slight 
hydrolysis taking place during the process of purification. As a result 
of this study, the sugars prepared by us according to the method already 
outlined (1) probably consist of a mixture of the original unaltered active 
specific substance, together with variable amounts of the above-described 
alcohol-insoluble fraction. At present we have no way of separating 
these, as they all behave in the same way toward the standard reagents 
used in the purification process. 

The striking difference between the rates of destruction of the polysac- 
charide and its biological activity is illustrated graphically in figure 1. 
It will be seen that the biological activity falls off precipitously, reaching 
a very low value at the end of five hours. On the other hand, the destruc- 
tion of the polysaccharide, as measured by reduction before and after 
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hydrolysis, proceeds at a much slower rate. At the end of 32 hours there 
still remains a relatively large amount of nonreducing sugar. It would 
appear that the first rapid cleavage is associated with the simultaneous 
destruction of biological activity and the liberation of a group containing 
the pentose radical. 

The full significance of the relationship between the pentose content 
and the biological activity will be discussed in another paper, embracing 
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a comparative study that has been made of the human and bovine 
polysaccharides. 


SUMMARY 


1. The polysaccharide obtained from the filtrate of the human-type 
tubercle bacillus (H37), grown on Long’s synthetic medium, has been split 
by mild acid hydrolysis into two fractions: 

a. An alcohol-insoluble fraction, containing large amounts of com- 
bined mannose and a very small amount of free reducing sugars. It is 
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readily obtained in the form of a white dry powder having a relatively 
high optical rotation and a low precipitin titre. 

b. An alcohol-soluble fraction, containing most of the arabinose and 
large amounts of free reducing sugars. It is a bright yellow gum of low 
optical rotation and has a relatively high precipitin titre. 

2. During the mild acid hydrolysis of the human-type tubercle-bacillus 
polysaccharide the destruction of the precipitin titre proceeds at a much 
greater rate than the cleavage of the polysaccharide into simple sugars. 
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BIOCHEMICAL STUDIES OF BACTERIAL DERIVATIVES 


XVI. Some Differential Chemical Changes Accompanying the Growth of Human 
Tubercle Bacillus H37 and Bovine Tubercle Bacillus 523 
Grown on Long’s Synthetic Medium! 


PETER MASUCCI, K. L. McALPINE anp JOHN T. GLENN? 


In preceding papers of this series (1) (2) (3) a method was described for 
isolating a polysaccharide from the filtrate of the human tubercle-bacillus 
(H37) cultures, and from the filtrate of the timothy-bacillus cultures, 
both grown on Long’s synthetic medium. On hydrolysis, both poly- 
saccharides yielded mannose and d-arabinose. The timothy-bacillus 
polysaccharide was comparable to the human tubercle-bacillus poly- 
saccharide in its general chemical composition and in its precipitating 
activity for the human tubercle-bacillus antiserum. 

Using identically the same method for the isolation of the polysaccha- 
ride from the filtrate of the bovine tubercle-bacillus cultures, also grown on 
the same synthetic medium, we have repeatedly produced a substance, 
which, in its chemical and serological properties, differed markedly from 
the polysaccharide prepared from the human tubercle-bacillus or the 
timothy -bacillus filtrates. The outstanding chemical difference was the 
absence of measurable amounts of pentose in the bovine tubercle-bacillus 
polysaccharide. Another important difference was the extremely low 
precipitating power for the human tubercle-bacillus antiserum. Whereas, 
both the human tubercle-bacillus and the timothy-bacillus poly- 
saccharides gave a precipitate with the tubercle-bacillus antiserum in a 
dilution of 1:1,500,000 or better, the bovine polysaccharide gave a pre- 
cipitate in a dilution of only 1:4,000. 

This bovine substance gave none of the protein color tests, contained no 
sulphur, and gave no precipitate with mercuric chloride, neutral lead 
acetate, tannic acid, or phosphotungstic acid. Its chemical composition 
which is representative of three lots prepared is given in table 1. 

The absence of pentose in the bovine polysaccharide and its low precipi- 


1 This report is part of a codperative investigation conducted under the auspices of the 
National Tuberculosis Association. 
2 Mulford Biological Laboratories, Sharp & Dohme, Glenolden, Pennsylvania. 
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tating activity for the human tubercle-bacillus antiserum indicated one 
of three things: (1) that the pentose had been split off from the whole 
carbohydrate complex during the process of purification, or (2) that pen- 
tose was not synthesized by the bovine bacillus, or (3) if pentose was 
synthesized then it must have been split off from the carbohydrate com- 
plex by enzymes in the filtrate. 

In the preceding paper of this series (4) we have shown that the pentose 
may be easily split off from the human tubercle-bacillus polysaccharide 
by mild acid hydrolysis and that this results in the loss of. the greater part 
of the precipitating activity for the antiserum. The absence of pentose 
in the bovine polysaccharide might easily be attributed to some such 
hydrolysis during the purification process. This was not likely the case 
because three different lots of bovine polysaccharide, prepared by exactly 
the same method used in preparing several lots of the human tubercle- 


TABLE 1 
Analysis of bovine tubercle-bacillus polysaccharide no. 50,486 


Nitrogen 

Reducing power after hydrolysis 

Pentoses 

(A)p in 2.5% H2SO, 

(A)p after heating in 2.5% H2SO, in 4 hours on the water-bath 


bacillus and timothy-bacillus polysaccharides, contained no measurable 
amounts of pentoses. We are inclined more to the belief that the pentose 
had already been wholly or partly detached from the carbohydrate com- 
plex in the filtrate by enzyme or other chemical action. If this were so 
the final polysaccharide would not contain free pentose, as the latter is 
soluble in strong alcohol and would be discarded by our process of puri- 
fication. 

In order to prove the soundness of this theory we decided to follow 
certain chemical changes accompanying the growth of the human and 
bovine tubercle bacilli. 

Johnson and his coworkers (5) (6) have already dealt with the results of 
a comparative analytical study of certain changes accompanying the 
growth of acid-fast bacilli on Long’s medium. ‘These studies were of a 
preliminary nature and rather qualitative in scope, but were important, 
nevertheless, in suggesting leads for future quantitative studies. These 


| 


BIOCHEMICAL STUDIES. XVI 739 


workers found that, when the growth of the human tubercle bacillus 
ceased or the rate of growth was apparently balanced by the rate of 
cell-autolysis, the pH and ammonia values became comparatively con- 
stant. The sudden change in pH at the end of four weeks’ growth was 
concomitant with the appearance of reducing substances (sugars) and 
coagulable protein in the medium. With the bovine tubercle bacillus, 
they found that the carbohydrate combination, as judged by the copper- 
reducing properties of the cultures, made their appearance after the third 
week of growth. The analytical values for reducing sugars after hydroly- 
sis were less than half the values found for the human strain H37. 

With the information at our disposal, that the filtrate of the human 
tubercle bacillus contains a substance which gives a precipitate with the 
homologous sera and that one of the essential units of this substance 
(polysaccharide) is the pentose, we decided to make further studies on 
the chemical changes accompanying the growth of the human and bovine 
tubercle bacilli, confining our attention particularly to the appearance in 
the medium of the substance which reacts with the human tubercle-bacil- 
lus antisera and to a quantitative determination of pentoses. We hoped 
by so doing to establish further quantitative data that would enable us to 
explain the absence of pentose in the bovine polysaccharide prepared from 
culture filtrates, and incidentally might enable us to differentiate the 
human from the bovine type of the tubercle bacillus. 


EXPERIMENTAL PART 


The medium, conditions of growth and strains studied were the same 
as those used by Johnson and his coworkers (5) (6). The medium, in 
200cc. amounts, was placed in bottles, sterilized, and inoculated with the 
human tubercle bacillus (H37) in the first series, and with the bovine 
tubercle bacillus (523) in the second series. They were then incubated 
at 37°C. One week after inoculation, and each successive week there- 
after, two bottles were removed from the incubator and tested for (1) 
growth-weight in grams of bacteria, (2) total reducing substances in the 
filtrate, (3) amount of pentose in the filtrate, (4) the precipitin titre of 
the filtrate against the human tubercle (H37) serum no. 83,028. 


METHODS USED IN DETERMINATION 


The organisms were collected by filtering the cultures through a tared 
Gooch crucible lined with asbestos, washed with distilled water, and dried 
in an air-oven at 110°C. overnight. The filtrate without the washings 
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was candle-filtered and tested immediately. The weight of the bacilli 
from each bottle was determined only for the human tubercle bacillus and 
not for the bovine strain. For purposes of comparison with the growth of 
the human tubercle bacillus H37, we are using in chart 1 the figures pub- 
lished by Johnson (6). The filtrate was not made up to a definite volume 
but was analyzed as such and the results expressed in percentages. While 
this method may introduce some error due to the concentration of the 
filtrate by evaporation in the older cultures, the values established are 
only relative. 


REDUCING SUBSTANCES IN THE FILTRATE 


1: Before Hydrolysis: As a rule 2 cc. of the filtrate was made up to 25 
cc. with distilled water, a suitable aliquot was taken, and the reducing sub- 
stances were determined by the Shaffer-Hartmann microchemical 
method. 

2: After Hydrolysis: In general, 2 cc. of the filtrate was placed in a 
test-tube, to which was added 2 cc. of 2/3N sulphuric acid; the tube was 
flame-sealed and placed in the oven for two hours at 120°C. On cooling, 
the contents were transferred to a volumetric flask, 2 cc. of 10 per cent 
sodium tungstate added, and the whole made up to a definite volume. A 
convenient aliquot was titrated for reducing substances by the Shaffer- 
Hartmann microchemical method. 

In determining reducing substances we deliberately chose not to remove 
the proteins in the filtrate by the usual Folin-Wu method. The aim was 
to determine the total reducing substances in the filtrate, regardless of 
the chemical nature of the reducing substance. By removing the pro- 
teins, the possibility of removing polysaccharides, either free or com- 
bined with the protein, is quite obvious. We, therefore, feel that the 
procedure used gives a truer picture of the total reducing substances in 
the filtrate. 


PENTOSES IN THE FILTRATE 


To 100 cc. of the filtrate was added sufficient concentrated hydrochloric 
acid to make the final concentration of HCl 12 per cent. The pentoses 
were determined by the A. O. A. C. method, by converting the pentoses 
into furfural and estimating the latter from its phloroglucinol compound. 
The results in the tables are reported as percentage pentose (grams pen- 
tose per 100 cc. filtrate). 
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TABLE 2 


Human tubercle bacillus H37 


XVI 


TIME OF 
GROWTH 
(WEEKS) 


AT 110°C.: GRAMS 


WEIGHT OF 
BACILLI, DRIED 


(DUPL.) 


REDUCING SUBSTANCES, PER CENT 


Before 
hydrolysis 


After 
hydrolysis 


Polysaccha- 
tide 
(Column 4- 
Column 3) 


PENTOSES, 
PER CENT 


PRECIPITIN TITRE 


AGAINST H37 
ANTISERUM NO. 
83,028 


0.02-0.05 
0.16-0.14 
0.95-1.18 
1.87-1.56 
2.54-3.02 
3.12-2.84 
2.28-2.30 
1.83-2.16 
2.20-2.24 
2.14-2.05 
1.66-1.65 
1.84-1.73 


sae? 


ROY 
on UNO 


= 
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TABLE 3 
Bovine tubercle bacillus (523) 


TIME OF 
GROWTH 
(WEEKS) 


AT 110°C.: GRAMS 


WEIGHT OF 
BACILLI, DRIED 


(DUPL.) 


REDUCING SUBSTANCES, PER CENT 


Before 
hydrolysis 


After 
hydrolysis 


Polysaccha- 
ride 
(Column 4- 
Column 3) 


PENTOSES, 
PER CENT 


PRECIPITIN TITRE 


AGAINST H37 
ANTISERUM NO. 
83,028 


NP WD 


0.01 
0.07 
0.13 
0.15 
0.17 
0.15 
0.14 
0.18 
0.10 
0.21 
0.18 


wn 


PRECIPITIN TITRE OF FILTRATE 


The filtrate was diluted with physiological salt solution and the various 
dilutions were tested against the human tubercle-bacillus antiserum. No 
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potent bovine tubercle-bacillus antiserum was available at the time to 
make cross precipitin tests. The technique used was: 0.5 cc. of each 
dilution of the filtrate was pipetted into test-tubes, and to each tube was 
added 0.5 cc. of the serum (no. 83,028). The tubes were shaken, placed 
in the incubator at 37°C. for two hours and overnight in the ice-box. 
The readings taken are also recorded in the tables. 

A complete record of the analytical data is given in tables 2 and 3. A 
graphic representation correlating increase in growth, percentage poly- 
saccharide and precipitin titre is given in the accompanying chart. 


DISCUSSION OF THE RESULTS 


1: Growth: The growth of the human tubercle bacillus apparently 
reached its maximum between the 5th and 6th weeks. In this respect we 
are able to confirm Johnson’s findings; he obtained maximum growth 
during the sixth week of incubation. 

2: Reducing Substances: With the H37 strain the maximum amount of 
reducing substances before and after hydrolysis appeared in the filtrate 
between the 7th and 9th weeks. The significance of this will be discussed 
later. Likewise, the precipitin titre jumped very markedly during the 
7th week and kept gradually increasing till the 16th week. The pentoses 
did not show any sudden marked increase, but a rather gradual constant 
increase up to the 10th week. 

When we compare these results with those obtained with the bovine 
tubercle bacillus, we find some startling differences. The appearance of 
the maximum amount of reducing substance before and after hydrolysis 
appeared between the 4th and 6th weeks somewhat earlier than in the 
human type. Likewise, the precipitin titre appeared at its maximum 
during the 4th week and remained that way with considerable fluctuation 
from that point on. The significant fact to observe, however, is that the 
flocculating titre of the bovine filtrate was of a decidedly lower order than 
the human filtrate. Since the polysaccharide content of the bovine filtrate 
(difference between reducing substances after hydrolysis and reducing 
substances before hydrolysis) was of the same order as the human 
filtrate, the difference in flocculating titre would point to a difference 
in the polysaccharide complex. _ 

This difference in the polysaccharide complex is probably partly quanti- 
tative and partly qualitative. We have shown in a previous paper that 
the pentose, or, to be more specific, the d-arabinose, is the unit in the 
polysaccharide which conveys or imparts to the polysaccharide the 
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property of reacting with the homologous antibody in the serum and pro- 
duces flocculation. When the pentose radicle is split off by mild acid 
hydrolysis, the flocculating power of the remaining polysaccharide 
approaches zero. It will be seen from the table that the pentose content 
of the bovine filtrate was about one-third that of the human filtrate. 
The precipitin titre should have been therefore also one-third that of the 
human. The fact that it was much less than one-third, in fact less than 
one-tenth, would indicate that not all the pentose in the bovine filtrate 
was combined, but that some had been split off from the polysaccharide 
complex. The amount of substance capable of reacting with the anti- 
body was therefore further reduced. This would explain the low floccu- 
lating titre of the bovine filtrate. 

This relatively low flocculating titre and low pentose content observed 
in this series of bovine cultures have been encountered repeatedly in other 
lots, using of course the same strain. For comparison the findings are 
listed below along with some other lots of H37 cultures. 


PENTOSE 


FLOCCULATION TITRE 


FILTRATE 


46,525 (H37) 1:8 _ 
50,370 (H37) 1:1,000 0.085% 
52,375 (H37) 1:1,000 

Lot J (H37) 1:1,500 0.082% 


48,201 Bovine = 
42,191 Bovine 1:100 0.02% 


It would also appear that the original carbohydrate complex is qualita- 
tively the same in the human and in the bovine tubercle bacillus,* but in 
the filtrates there is this important distinction: in the human tubercle- 
bacillus filtrate, conditions favor the retention of the active pentose 
group by the carbohydrate complex, whereas in the bovine tubercle- 
bacillus filtrate conditions are such that enzyme or other chemical action 
prevents the linkage of the pentose to the carbohydrate complex. This 
probably explains why the bovine polysaccharide prepared from the 
filtrate contains no pentose. 

These results would indicate that with the strains of the human and 
bovine tubercle bacillus used in this investigation, and when these strains 


8 Dr. Michael Heidelberger has succeeded in preparing a polysaccharide from the bovine 
tubercle bacillus which reacts with the human tubercle-bacillus antiserum in very high dilu- 
tions. (Unpublished communication.) 
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are grown on Long’s synthetic medium, there are sufficient differences in 
the respective filtrates to make the differentiation of the H37 strain from 
the 523 bovine strain rather easy. Whether these differential character- 
istics are peculiar to these two strains is something that can only be 
decided by similar studies on other strains. The constancy of the differ- 
ences in precipitin titre and pentose content with the strains used hereare 
certainly so striking and basic as to warrant further work on otherstrains 
and along similar lines. 
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DISCUSSION OF THE CHART 


In the above chart, three curves are shown for each of the two 
organisms studied. Curve 1 represents not growth but increase or rate 
of growth, curve 2 represents the amount of polysaccharide in the filtrate, 
and curve 3 the precipitin titre of the filtrate. 

With H37 the maximum amount of polysaccharide appeared in the 
filtrate, not at the point of maximum growth but about three weeks later. 
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In fact, this substance did not appear in the filtrate until the growth of the 
bacteria ceased, or perhaps when the rate of growth was apparently bal- 
anced by the rate of cell autolysis. This applies also to the precipitin 
titre except that its maximum was not reached as soon, but showed a 
gradual increase up to the 16th week. A part of this increase is undoubt- 
edly due to the concentration of the filtrate by the evaporation of water. 
With the bovine strain, however, the polysaccharide and the substance 
responsible for the precipitin reaction made their appearance in the fil- 
trate much earlier. Might not this indicate that the bovine tubercle 
bacillus is more easily autolyzed than the human? 


SUMMARY 


The growth of the human tubercle bacillus (H37) and of the bovine 
tubercle bacillus (523), on Long’s synthetic medium, is characterized by 
the appearance in the medium of substances which react with human 
tubercle-bacillus bacillary serum and produce a precipitate. The pre- 
cipitin titre of the H37 filtrate against the H37 bacillary serum is at least 
ten times that of the bovine filtrate against the same serum. 

This quantitative difference may be attributed to the appearance in 
the bovine filtrate of the reacting substance (polysaccharide) in amounts 
less than that appearing in the H37 filtrate, and also to the more rapid 
destruction of the active polysaccharide complex in the bovine filtrate. 

These statements are substantiated by the fact that the amount of 
pentose in the bovine filtrate has been consistently lower than that found 
in the H37 filtrate, roughly about one-third. Since the pentose radicle 
gives the polysaccharide its activity when tested against the H37 bacil- 
lary serum, a quantitative measure of this radicle is an index of the pre- 
cipitin titre. Some evidence has also been obtained that not all the 
pentose in the bovine filtrate is combined but some is free, thus further 
reducing the amount of the reacting substance in the filtrate. 

Should these marked differences between the human strain (H37) 
and the bovine tubercle bacillus (523) used in this study be substan- 
tiated by similar work on other strains, we feel that a method for differ- 
entiating the human from the bovine tubercle bacillus will be made 


available. 
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A DISCUSSION OF CERTAIN FAT CONSTITUENTS OF 
ACID-FAST BACTERIA!” 


R. J. ANDERSON 


The acid-fast bacteria, both pathogenic and nonpathogenic, have a 
number of properties in common which indicate that they form a closely 
related group. They have, for instance, certain growth characteristics, 
nutritional-requirements and serological reactions in common and, as the 
designation “acid-fast” indicates, they are all resistant to destaining with 
acids. This property of acid-fastness has been associated for a long time 
with the fat fractions and all of the acid-fast bacteria that have been 
examined are distinguished by the possession of a higher percentage of 
fat than other types of bacteria (1). 

The high fat or wax content of the acid-fast bacteria has been regarded 
as being the cause of the great resistance of these bacilli to phagocytosis or 
other destructive influences (2). The bacillary lipoids are also interest- 
ing because they possess peculiar and important biological properties. 
For instance, it has been known for some time that alcohol- and ether- 
soluble lipoids, isolated from the tubercle bacillus, act as antigens (3). 
It has been shown by Pinner (4), and this work has been confirmed and 
amplified by Doan (5), that it is the purified phosphatides isolated in our 
experiments that are or contain the antigenic substance. 

It has also been known for some time that the lipoids extracted from 
tubercle bacilli exert a peculiar stimulus on abnormal cell development in 
animals (6). This phase of the problem has been greatly advanced by the 
recent brilliant investigations of Sabin (7) and her collaborators. These 
experiments have been carried out with reasonably purified fractions, such 
as phosphatides, acetone-soluble fat and wax. Moreover, individual 
chemical units, such as fatty acids obtained from the lipoids after saponi- 
fication, have been used by Sabin (8) and the interesting observation has 
been made that the biological activity of the lipoids resides in certain of 
these fatty acids. In other words, the principle contained in the lipoids 

1 From the Department of Chemistry, Yale University, New Haven. 


2 Presented at a session of the Pathological Section at the twenty-seventh annual meeting 
of the National Tuberculosis Association, Syracuse, New York, May 13, 1931. 
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which causes the proliferation of monocytes, epithelioid cells and giant 
cells, which leads to the formation of tubercular tissue, is associated with 
certain new and peculiar liquid saturated fatty acids. The chemical 
constitution of these acids is unknown as yet, but the analytical investi- 
gations that we have conducted at the Sterling Chemistry Laboratory at 
Yale University have shown beyond a doubt that all lipoid fractions ob- 
tained from both pathogenic and nonpathogenic bacteria contain notable 
quantities of these new acids. 

During the past four years important progress has been made in the 
chemical investigations and analyses of the lipoids obtained from acid- 
fast bacteria. Five different strains of these bacilli have now been 
examined, and these strains include the human (9), avian (10) and 
bovine (11) tubercle bacilli, the nonpathogenic timothy bacillus (12) and 
the leprosy bacillus (13). The chemical investigations have revealed 
important quantitative differences with respect to the amount of the 
different lipoid fractions that are contained in the acid-fast bacteria. 
The quantitative relations to which I refer are illustrated in table 1. 

The values given in table 1 indicate that all of the acid-fast bacteria 
contain similar lipoids, which may be separated into three general groups 
consisting of phosphatides, acetone-soluble fat and wax. The amount of 
these substances that is obtained shows, however, very great variation. 
The nonpathogenic timothy bacillus yields ten times less of the phospha- 
tide than the human tubercle bacillus. 

In view of the cell-stimulating effect of the phosphatides especially for 
monocytes, epithelioid cells and giant cells with the production of tuber- 
cular tissue, as observed by Sabin (14), it would seem as if this constituent 
were of particular biological importance. The importance of the phos- 
phatide is further emphasized by the antigenic properties of the substance 
and by the precipitin reaction described by Doan (5). It would seem as 
if the phosphatide serves as an aid to the bacillus in breaking down the 
tissues of the host, and at the same time substances are set free in the 
blood which react in a more or less specific manner with an aqueous solu- 
tion of the phosphatide. This latter reaction, which has been studied by 
Doan, will probably be developed in the future as a diagnostic aid for 
tuberculosis, especially in cattle, in place of the present tuberculin 
reaction. 

Whether the amount of phosphatide contained in an acid-fast bacillus 
has anything to do with the virulence is unknown at present. It appears, 
however, to be of some significance when we find that the timothy bacil- 
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lus, which is supposed to be nonpathogenic, contains so much less not 
only of phosphatide but also of other lipoid fractions than do the patho- 
genic tubercle bacilli. 

It has been a matter of much interest, from both the chemical and bio- 
logical standpoints, to find that all of the lipoid fractions, including the 
phosphatides, yield on saponification a series of new liquid saturated fatty 
acids of high molecular weight with which the biological activity of the 
lipoids is associated. ‘The first discovery of these acids was made in the 
analysis of the phosphatide isolated from the human tubercle bacillus 
(15), but since that time similar or analogous acids have been found 
in every lipoid fraction from all of the acid-fast bacteria that have been 
analyzed. 

The lipoids from the human tubercle bacillus contain a mixture of at 
least three of these acids which have been isolated in such a state of purity 
that their chemical composition could be determined. The first member 
of this series of liquid saturated fatty acids is an isomer of stearic acid, 
which has received the name tuberculostearic acid (16). ‘This product is 
optically inactive and it possesses no cell-stimulating property. It is 
therefore of only academic interest at present because very little experi- 
mental work has been done with this acid. 

Of more immediate importance is the optically active fraction of the 
liquid saturated fatty acids isolated from the human tubercle bacillus 
(16). This fraction received the name phthioic acid from the Greek word 
phthio in order to indicate its relation to phthisis or tuberculosis., This 
acid, as isolated from the lipoids of the human tubercle bacillus, is 
dextrorotatory. During the past year I have been able to resolve the 
dextrorotatory phthioic acid into two fractions, one of which possesses a 
higher dextrorotation than the original acid while the other has a levorota- 
tion. The biological reactions of these two fractions which vary in 
optical rotation are quite different. Preliminary experiments conducted 
by Sabin (17) would indicate that the cell-stimulating principle is asso- 
ciated only with the dextrorotatory fraction. The levorotatory acid 
seems to act only as an irritant without causing any tubercular tissue. 

In the analyses of the phosphatides from the avian (18), bovine (19) 
and timothy bacilli (20) we have found a considerable proportion of liquid 
saturated acids, and similar acids have been found also in the acetone- 
soluble fat obtained from the bovine and timothy bacilli. The liquid 
saturated fatty acids isolated from these bacteria are analogous to 
phthioic acid, but they differ to the extent that they are optically inactive. 
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Such a difference in physical property would naturally indicate a differ- 
ence in chemical constitution, and one would therefore expect to find that 
the optically inactive acids would show a different biological reaction. 
However Sabin has found that these acids from the avian, bovine and 
timothy bacilli give biological reactions that are very similar to that of 
phthioic acid. These results are very interesting indeed and they 
demand some adequate explanation. 

If a supposedly nonpathogenic organism, such as the timothy bacillus, 
contains an acid capable of causing a biological reaction which is almost 
indistinguishable from that obtained from the pathogenic tubercle bacillus 
then it would seem that the two bacilli are too closely related to be classi- 
fied as pathogenic and nonpathogenic. In other words, the results of 
the experiments referred to above appear to me to be so important that 
the question of whether the timothy bacillus can acquire virulence or not 
should be reinvestigated. 
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SOME OBSERVATIONS ON CHEMICAL AND BIOLOGICAL 
PROPERTIES OF THE PHOSPHATIDE FROM THE 
TUBERCLE BACILLUS! 


C. H. BOISSEVAIN ann C. T. RYDER? 


The requirements for chemical purity and biological purity are not 
identical. A substance may be considered chemically pure if its com- 
position and melting-point do not change when it is subjected to various 
manipulations, such as recrystallization, precipitation, dialysis, etc. At 
the same time it can be biologically impure through the presence of some 
biologically active substances in quantities too small to cause a detectable 
change in melting-point or composition. An example of this may be 
found in the polysaccharide from the tubercle bacillus. Some of the 
properties originally ascribed to this polysaccharide have been found to 
be due to the presence of small amounts of protein (1). 

We intend to show that the phosphatide isolated by Anderson (2) 
and designated by him as A3 presents a similar example, and that its 
activity in causing a formation of tubercular tissue is due to an impurity. 
It is prepared by first extracting wet tubercle bacilli, with a mixture of 
alcohol and ether, partly evaporating this mixture and then extracting 
it with ether, followed by precipitation with acetone. 

A substance prepared in this manner must contain very many tubercle 
bacilli. It does not appear that Anderson has made any effort to free the 
phosphatide from these bacilli, although the biological effect of an 
intraperitoneal injection of his phosphatide is very similar to that of an 
injection of dead tubercle bacilli. Sabin and Doan (3) tried to eliminate 
this source of error by comparing the effect of the phosphatide with that 
of mineral oil containing approximately the same number of acid-fast 
tubercle bacilli as the phosphatide A3 which they used in their experi- 
ments. Quantitatively the effect was much less than that of the phos- 
phatide although it was of the same nature. They may have over- 
looked the fact that ether extraction renders a considerable number of 


1 Presented before the Pathological Section at the twenty-seventh annual meeting of the 
National Tuberculosis Association, Syracuse, New York, May 14, 1931. 
2 The Colorado Foundation for Research in Tuberculosis, Colorado Springs, Colorado. 
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bacilli non-acid-fast and that the partly defatted bacilli may break up 
into non-acid-fast granules. It is impossible to determine how many 
of these forms are present in the preparation A3. The only clue to their 
quantity is the presence of 0.4 per cent nitrogen which has not been 
identified as belonging to the phosphatide molecule. 

The phosphatide A3 constitutes 6.54 per cent of the tubercle bacillus 
(2). If the phosphatide were sixteen times more active in producing 
tubercular tissue than the intact bacilli it might be thought probable 
that it constituted or contained the active part of the tubercle bacillus. 
But 10 mgm. of tubercle bacilli injected intraperitoneally into guinea 
pigs causes the formation of massive tubercular tissue in the omentum, 
while 0.6 mgm. phosphatide has hardly any action. Injection of fifty 
times that amount of phosphatide is necessary to produce approximately 
the same effect. 


EXPERIMENTAL 
Filtration of Phosphatide 


The ether-extract of the tubercle bacilli was filtered through a Mandler 
diatomaceous filter, centrifugated, evaporated, and redissolved in ether. 
These manipulations were repeated four times. The evaporated extract 
still showed the presence of several acid-fast bacilli. 

Ten guinea pigs received intraperitoneally 30 mgm. of this ether- 
extract. After three weeks all showed cutaneous hypersensitiveness to 
tuberculin. The omentum contained large masses of typical tubercular 
tissue. Every section examined showed acid-fast bacilli, and sometimes 
many of these. 

The extract was then passed through a Chamberland-B filter, and 
10 guinea pigs received 20 mgm. intraperitoneally. They also developed 
cutaneous hypersensitiveness and showed similar involvement of the 
omentum. Sections contained only rare acid-fast bacilli. How much 
of the non-acid-fast material and of the acid-fast granules present in the 
sections represented tubercle bacilli can only be guessed. 

Apparently numerous tubercle bacilli pass through the Mandler filter 
and only a few through the Chamberland-B, although these filters hold 
back all tubercle bacilli from a watery suspension. Filtration does not 
only depend upon the size of the filter-pores, but to a great extent on the 
phenomena of adsorption and electrical surface charges. The maximum 
size of particle that will pass a given filter depends upon the electrical 
charge of both filter and particle, and consequently on the reaction of 


> 
i 
a 
; 
i 
fi 


PROPERTIES OF PHOSPHATIDE 753 


the fluid. In an ethereal solution no ionization occurs, surface tension 
and dielectric constant differ from those of water, and we may not simply 
apply our knowledge of the filtration of suspensions in water to the 
filtration of suspensions in ether. In the case of the tubercle bacillus in 
ether it is an unfortunate fact that even the Chamberland-B filter per- 
mits some tubercle bacilli to pass. 


Dialysis 


When we subject the ethereal solution of phosphatide to dialysis 
through a thin rubber membrane, about 5 per cent of the lipoid passes 
through the membrane while the rest which contains all the phosphorus 
remains inside.2 The physical properties of the phosphatide change 
through being freed from the accompanying lipoid. If the dialysis takes 
place in anhydrous ether a large part of the phosphatide precipitates 
and can be redissolved by adding more ether. The precipitate contains 
the same amount of phosphorus and has the same melting-point as the 
part that remains in solution. 

The phosphatide, after being freed from the accompanying lipoid, is 
then dissolved in water to form an opalescent solution. This solution is 
evidently colloidal, as all the phosphatide is held back by a Mandler 
filter. The opalescent solution becomes clear on the addition of a mix- 
ture of alcohol and ether. The phosphatide is much more soluble in 
this mixture than in anhydrous ether. This explains the good results of 
Anderson’s method, which, as we have seen, consists of an extraction 
with a mixture of alcohol, ether and water. 


Filtration of Phosphatide Purified by Dialysis 


The phosphatide dissolved in the mixture of alcohol, ether and water 
can be filtered through a Mandler filter. Only sufficient ether must be 
added to dissolve the colloidal phosphatide and enough alcohol to make 
the ether mix with the water. In our experiments we used three parts , 
of ether to five of alcohol and ten of water. 
The solution of phosphatide in ether-alcohol-water was evaporated after 
passing through the Mandler filter. The residue contained 2.96 per cent 
phosphorus and 0.06 per cent nitrogen, and had a melting-point of 225°C. 
against 2.60 per cent phosphorus, 0.41 per cent nitrogen and a melting- 
point of 210°C. in Anderson’s phosphatide A3. 


’ By way of comparison I may mention that on dialysis of lecithin the greater part of the 
phosphorus remains inside the membrane, while a small amount of a phosphorus-containing 
compound and fatty acids pass through. 
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Twenty milligrams of purified phosphatide was injected into each of 
5 guinea pigs. At the end of three weeks the skin reaction with tuber- 
culin was negative. No tissue reaction was present, except for one small 
nodule, less than 1 mm. in diameter, in the omentum of one guinea pig. 
Sections showed a nonspecific inflammatory reaction. The difference 
between this picture and that after injection of crude phosphatide was 
most striking. In the latter case we always find a massive infiltration 
of the omentum, which may attain a diameter of 1 cm. Skin hypersen- 
sitiveness was always present in animals injected with crude phospha- 
tide. Doan and Sabin (4) failed to find cutaneous hypersensitiveness in 
rabbits after the injection of phosphatide A3, but the appearance of skin 
hypersensitiveness is variable and inconstant in the rabbit. 

The lipoid passing through the rubber membrane had a melting-point 
of 55-58° and contained no phosphorus. Intraperitoneal injection of an 
emulsion of the lipoid which passed through the membrane did not cause 
the formation of tubercular tissue or the appearance of skin hypersensi- 
tiveness. After three weeks the greater part of the injected lipoid was 
still free in the peritoneum, without having caused any other reaction 
than the appearance of a few polynuclear leucocytes. A small part was 
absorbed and deposited in lymph nodes, which could be recognized by 
their yellow color. 


DISCUSSION 


The crude phosphatide used in the earlier experiments contained 2.65 
per cent phosphorus and 0.57 per cent nitrogen, and had a melting point 
of 208°C. This agrees so closely with Anderson’s figures for phosphatide 
A3 that we may conclude that both are identical. The biological effect 
is also similar to that described by Sabin, Doan and Forkner (5) for the 
phosphatide A3. 

By dialysis and filtration this crude phosphatide was split into three 
parts. One part passes through the rubber membrane and contains no 
phosphorus; it has no biological effect. The second part does not pass 
through the rubber membrane but does pass through the Mandler filter; 
it contains somewhat more phosphorus than the phosphatide A3, and 
has a slightly higher melting-point but contains practically no nitrogen; 
it is also without biological activity. This fraction represents the bulk of 
the original phosphatide, freed from a nitrogen-containing impurity. 
In this connection it is interesting to note that Anderson was unable to 
identify a nitrogenous compound after hydrolyzing the phosphatide A3, 
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although it contained 0.41 per cent nitrogen. The third fraction we 
have not been able to isolate, and, by exclusion, it must be the carrier 
of the biological activities of the crude phosphatide. Of its properties 
we know the following: it passes through a diatomaceous filter when 
suspended in ether but it does not pass through the same filter when 
suspended in a mixture of water, ether and alcohol; it does not pass 
through a rubber membrane; it contains nitrogen and, after intraperito- 
neal injection, causes the formation of tubercular tissue and the appear- 
ance of skin hypersensitiveness in guinea pigs. Every one of these 
properties is also a property of the tubercle bacillus, and it seems most 
likely that this mysterious third fraction consists of tubercle bacilli; a 
few of them are actually acid-fast and can be recognized under the 
microscope, but the greater part consists of bacilli that have been partly 
disintegrated under the influence of the ether; possibly the non-acid-fast 
granular form described by several authors may be accumulated in the 
ether extract. 


TISSUE REACTION TO FATTY ACIDS OF THE TUBERCLE BACILLUS 


Sabin and Doan (5) state that a liquid saturated fatty acid, isolated 
from the phosphatide A3, is responsible for the formation of tubercular 
tissue. Since the phosphatide itself does not cause the formation of 
tubercular tissue, the reaction to phthioic acid must be classed as a 
foreign-body reaction. The injection of tubercle bacilli that have been 
boiled in normal hydrochloric acid for 20 minutes, which is subsequently 
neutralized and injected, together with the partially hydrolyzed bacilli, 
does not cause the formation of tubercular tissue. It is apparently the 
presence of the free acid radicle that is responsible for the reaction of 
the tissue against free phthioic acid. Since no free phthioic acid has 
been demonstrated in the tubercle bacilli it cannot be responsible for the 
formation of tubercular tissue. 
CONCLUSIONS 
1. Intraperitoneal injection of a phosphatide, prepared according to 
Anderson’s directions for phosphatide A3, causes the formation of tuber- 
cular tissue and the appearance of cutaneous hypersensitiveness in guinea 
pigs. 

2. It is impossible to free this phosphatide from acid-fast bacilli and 
bacillary debris by centrifugation, precipitation or filtration of its ethereal 
solution. 
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3. Filter candles that retain bacilli suspended in water let the same 
bacilli pass through when suspended in ether. 

4. It is possible to free the phosphatide from bacteria and bacterial 
debris by dialysis of the ethereal solution through a rubber membrane, 
subsequent solution in a mixture of water, alcohol and ether, and filtra- 
tion through a Mandler filter candle. 

5. Intraperitoneal injection of the purified phosphatide does not cause 
the formation of tubercular tissue or the appearance of cutaneous hyper- 
sensitiveness. 

6. The tissue reaction to phthioic acid is of the nature of a foreign- 
body reaction. 

The tubercle bacilli (strain H37) used for the preparation of the purified phosphatide were 


supplied by the H. K. Mulford Co. through the Research Committee of the National Tuber- 
culosis Association, which we take this opportunity to thank. 
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COMMITTEE REPORT ON THE TREATMENT OF TUBER- 
CULOUS EMPYEMA! 


Tuberculous empyema may be divided into the seropurulent, purulent, 
and the purulent with pyogenic organisms. The former two contain 
tubercle bacilli, and the latter tubercle bacilli with various pus organisms. 

It was decided by your Committee that some conclusions might be 
drawn as to the best methods of treatment if a questionnaire were sent to 
a selected group of men, including medical men doing tuberculosis work, 
and surgeons specializing in chest surgery. With this in mind, 75 ques- 
tionnaires were mailed covering systematically this entire country and 
Canada, two being mailed abroad to well-known men doing work in this 
field. Fifty-six replies were received, but seven of them gave reasons for 
not filling out the questionnaire, leaving nineteen who for some reason or 
other failed to respond. 

The Committee felt that most men would be in agreement in the treat- 
ment of sero-purulent and purulent empyema, since most workers feel 
that something definite can be done for these types, while great difference 
of opinion was expected in the pyogenic class, inasmuch as little has been 
accomplished from the standpoint of treatment in years past and the 
methods used multiply with the number of observers. The Committee 
was wrong in its assumption. We should have learned after all these 
years in the practice of medicine that the profession can disagree on the 
most simple questions. However, it was surprising to find that 24 men 
out of 49, or nearly 50 per cent, resorted to either closed or open drainage, 
or both, in these classes. In other words, by this means they at once con- 
verted what might be termed a benign empyema into a pyogenic type. 

A few replies were accompanied by letters, and the Committee feels 
justified in quoting these men. 

Heise (Saranac Lake) reports but two cases of purulent tuberculous 
empyema with no secondary organism, over a period of twenty-six years, 
and Murray (Lexington, Kentucky) has not seen a case of any type in six 
years. Kinghorn (Saranac Lake) sees no pyogenic empyema, and the 


1 Read at a meeting of the American Sanatorium Association, Syracuse, New York, May 
11, 1931. 
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answer probably lies in the type of tuberculous individual seen by these 
men. The earlier types get well without compression interference; the 
later types that come to compression therapy make for the increase of 
empyema. 

To convert a pessimist to an optimist, or vice versa, let us establish a 
sort of exchange of professors, so to speak, and inaugurate a ‘‘You teach 
my school for a while’’ system, until we all view the treatment of tubercu- 
losis from its various angles, thereby making each of us more tolerant of 
the other fellow. 

Bruns (Fitzsimons Hospital) believes that open or closed drainage is 
permissible only when the contralateral lung is too diseased for thoraco- 
plasty, or when the patient’s general condition does not permit radical 
surgery. 

Archibald (Montreal) reserves thoracoplasty until it is clear that the 
patient is going to overcome his infection, and he says he operates on the 
survivors after they have recovered sufficient strength to stand a big oper- 
ation, usually in not less than three months, the contralateral lung being 
free from activity within the past six to twelve months. 

Dolley (Los Angeles) does a thoracoplasty as soon after open drainage 
as a patient’s condition warrants operative risk. 

The Matsons (Portland, Oregon) are, along with the French, strong 
advocates of gomenol, reporting 66 per cent recoveries in more or less viru- 
lent types of tuberculous epyema not responding to aspiration. They 
resort to thoracoplasty three to six months after open drainage. If the 
empyema cavity holds less than 150 cc., they consider undecking the 
empyema cavity first instead of a thoracoplasty. If it holds more than 
150 but less than 350 cc., they do a posterior thoracoplasty; if over 350 
cc., an accessory lateral thoracoplasty, removing the ribs close to the 
sternum and then a thoracotomy undecking the empyema cavity. 

Lilienthal (New York) does not irrigate after open drainage, fearing air 
embolism, and advocates aspiration with air replacement before resorting 
to open drainage and thoracoplasty, which he thinks of necessity usually 
follows. 

Hedblom aspirates and replaces with air in tuberculous empyema, but 
in pyogenic empyema always does extrapleural thoracoplasty in many 
stages, with a very low mortality percentage. He also does a thoraco- 
plasty, followed, if necessary, by anterolateral costectomy in tuberculous 
empyemata that do not respond to aspiration and air replacement. In 
this the mortality has been nil. 
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Moorman (Oklahoma City) is the only southwestern man who does not 
see pyogenic empyema, but he doesn’t live in the desert and must be 
classed with the men of Saranac Lake and the east. He, too, ought to be 
an optimist. 

Let us now attempt to analyze the replies. Do not expect them to 
check as to totals, inasmuch as many failed to answer all questions. 

Tuberculous Empyema (seropurulent and purulent): 19 aspirate always, 
while 25 do not; 42 aspirate to relieve pressure and high fever, while 3 
do not; 8 try to produce an oleothorax with gomenol, while 35 do not; 19 
inject some chemical solution after aspiration, while 21 do not. The 
solutions used, in order of frequency, follow: gentian-violet 11, Dakin’s 
11, acriflavine 6, Murphy’s solution 5, methylene-blue 4, mercurochrome 
3, saline 3, alcohol, iodine, brilliant-green, Lugol’s, colloidal silver and 
acriviolet, each one. 
As stated, 24 resort to open or closed drainage. 


Resulis 


In this series, the results are uniformly good by all methods of treat- 
ment, until we get to the patients treated by open or closed drainage as 
against those who were not. 

Five men report 124 cases treated by open or closed drainage with the 
following results: cured or clinically well, 47 per cent; worse, 9 per cent; 
dead, 44 per cent. 

Five men report 47 cases treated by all other means, with the foliowing 
results: cured or clinically well, 59 per cent; worse, 13 per cent; dead, 
28 per cent. 

The numbers are far too small to permit of definite conclusions, but 
certainly the open method does not gain by the comparison. 

Most men are agreed that the majority of cases of tuberculous em- 
pyema get well if one does not become too enthusiastic with treatment. 
Many who reported the use of chemical substances expressed the opinion 
that they really thought them of little value in this type. However, a 
comparison of the ones treated by chemical solutions and those that were 
not speak in favor of the chemicals. 


Pyogenic Tuberculous Empyema: 16 treated by aspiration alone, 18 by 
the open method, 5 by the closed and 14 by all three methods; 3 attempt 
an oleothorax with gomenol; 19 use chemical solutions in the following 
order: gentian-violet 12, acriflavine 5, saline 4, Dakin’s 3, methylene- 
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blue 2, Murphy’s solution 2, and one each of alcohol, colloidal silver 
brilliant-green, permanganate, Lugol’s, mercurochrome and Jessen’s. 
Twelve use nothing. 

After the open or closed method, the following are used after irrigation: 
Dakin’s 17, saline 12, gentian-violet 9, acriflavine 4, and one each use 
Lugol’s, iodine, Jessen’s, argyrol and permanganate. Light therapy was 
suggested by three men as an adjunct after irrigation. This we think 
deserves further use. The vast number of chemical solutions make one 
feel that little can be expected from their use. In simple aspiration, 
gentian-violet seems to have the preference, but in open drainage Dakin’s 
and physiological salt solution seem most popular, with gentian-violet a 
close third. 

Twenty-two men prefer rib-resection, while 10 use intercostal drainage, 
and 6 neither. These men, we are led to suppose, prefer aspiration alone. 

Before resorting to open drainage after aspiration, 4 wait one to two 
weeks, 7 two to six weeks, and one longer, while 18 believe that no definite 
time can be set but are guided entirely by the individual case. 

After open drainage, 3 advise thoracoplasty at once, one waits two to 
six weeks, 3 longer, and 3 are guided by the individual case. It is inter- 
esting to note how few men, ten in all, replied to this question. No 
doubt the others do not believe in radical surgery. 


Resulis 


Twenty-three cases treated by aspiration alone gave 7 cures, 7 worse, 
9 dead. 

By open drainage, 77 cases gave the following results: cured 14, clini- 
cally well 11, improved 4, worse 5, dead 43. 

Closed drainage on 14 cases shows: cured 1, clinically well 3, worse 3, 
dead 7. 

Thoracoplasty, 132 cases, with 21 cured, 52 clinically well, 2 improved, 
17 worse, and 40 dead. 

It is interesting to compare the percentage of results in the different 
methods of treatment. Simple aspiration shows 30 per cent well, 30 per 
cent worse and 40 per cent dead. Closed drainage shows 29 per cent 
cured or clinically well, 21 per cent worse and 50 per cent dead. Open 
drainage shows 32 per cent cured or clinically well, improved 5 per cent 
plus, worse 6 per cent plus, and dead 56 per cent. Thoracoplasty shows 
55 per cent cured or clinically well, 1 per cent plus improved, 13 per cent 
plus worse, and 30 per cent dead. 
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No doubt the men who treated a pyogenic empyema by aspiration 
alone were mistaking purulent tuberculous empyema for tuberculous 
empyema with pyogenic organisms. Unless one had a culture report to 
back up the diagnosis, these results spell little. 

A comparison of the methods speaks in no uncertain terms for radical 
surgery. There is really little difference between closed and open 
drainage, showing 29 per cent cured and 71 per cent dead or worse by 
closed drainage against 32 per cent cured and 62 per cent dead or worse by 
open drainage,. Thoracoplasty, however, shows 55 per cent cured and 
only 43 per cent dead or worse, thereby leading all other methods of treat- 
ment by a large margin. These results bear out what we have realized 
for a long time: that until the advent of radical chest surgery, little 
would be done for the pyogenic empyemata. 

The Committee wishes to emphasize the fact that too much time must 
not be given over to the so called palliative methods of treatment, but 
that radical surgery should be advised early if the condition of the patient 
warrants this operative risk. 


CONCLUSIONS 
Tuberculous empyema 


From a careful study of the replies, we draw the following conclusions: 

1. That most tuberculous empyemata are best treated by no treatment. 

2. That aspiration is justified to relieve high fever and pressure 
symptoms. 

3. That the use of chemical solutions after aspiration seems to be of 
more value than air-replacement alone. 

4, That gomenol has been too little used by the majority of men to let 
the Committee express an opinion. 

5. That closed or open drainage is not warranted since it converts at 
once a simple tuberculous empyema into a pyogenic one. The results 
tabulated seem to bear this out. 


Pyogenic Tuberculous Empyema 


1. That aspiration alone in this type is no better than closed or open 
drainage. 

2. That closed or open drainage in the majority of cases is only the 
first step leading to thoracoplasty. ; 

3. That chemical solutions should be used in an attempt to sterilize 
the cavity, but we feel we cannot recommend any particular one as being 
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superior. In this type, as in the other, gomenol has been used by too few 


to warrant an opinion. 


4. That Dakin’s or saline solution and possibly gentian-violet are to be 
preferred for irrigation after open or closed drainage. 
5. That the majority of operators prefer rib resection to intercostal 


drainage. 


6. That the majority prefer to be guided by the individual case, with 
reference to the time of open drainage after aspiration, or thoracoplasty 


after drainage. 


LERoy S. PETERS, Chairman 
PAUL RINGER 

J. J. SINGER 

E. S. WELLES 


Tuberculous empyema 


ALWAYS 


PRESSURE 
AND HIGH 
FEVER 


REFILL 
GOMENOL 


Aspiration 


No 


Yes | No 


42} 3 


Yes | No Open] Closed |Both | No 


8 | 35 15 | 21 | 24122 


DAKIN’S 


ALCOHOL 
IODINE, 
BRILLIANT- 
GREEN, 
LUGOL’s, 
COLLOIDAL 
SILVER, 
ACRIVIOLET 


Chemical substance other 
than gomenol 


11 


1 each 


End-results: tuberculous empyema 


CURED 


CLINICALLY WELL WORSE DEAD 


Number 
of cases 


Per cent 


Number 


Number 
of cases 


Number 


ol Per cent Per cent 


Per cent 


All methods except closed or 
open drainage 

Open or closed drainage 

Used chemical solution 

Did not use 


10 
23 
28 


4 


18 38 6 13 28 
35 28 54 44 
45 33 47 35 

6 18 21 62 


| 
| 
— 
| 
GEN- _ | MUR” MER- 
21 
20 
| 11 


Pyogenic empyema 


TREATMENT OF TUBERCULOUS EMPYEMA 


ASPIRATION 


CLOSED 
DRAINAGE 


OPEN 


DRAINAGE 


ALL THREE 


16 


5 


18 


14 


GOMENOL 


OTHER CHEMICAL 
SOLUTION 


NEITHER 


19 


12 


DAKIN’S 


GENTIAN- 


SALINE | VIOLET 


LUGOL’S, IODINE, 
JESSEN’s, 
ARGYROL, PER- 
MANGANATE, 
ACRIVIOLET 


12 


1 each 


INTERCOSTAL 


RIB-RESECTION 


10 


22 


1-2 WEEKS 


2-6 WEEKS 


LONGER 


INDIVIDUAL 
CASE 


Length of time after aspiration before open 


2-6 WEEKS 


LONGER 


Length of time after open drainage before thora- 


3 


1 


End-results: compared with pyogenic organisms 


Simple aspiration....... 
Open drainage.......... 
Closed drainage......... 
Thoracoplasty.......... 


CURED 


CLINICALLY WELL 
WITH OPEN SINUS 


IMPROVED 


Per 
cent 


18 
I+ 


Number 
of cases 


Per cent 


Num- 
ber of 
cases 


11 


14 
21+ 


Per 
cent 


7 
5+ 5 
3 
7 


763 
— 
17 9 4 
| BOTH 
6 
| 
AT ONCE | | 
— WORSE DEAD | 
Num- Num- Num- 
Per Per 
ber of ; ber of ber of 
7 | 30 30 9 | 40 
14 |_| 4 6+) 43 56 
| 3 21 7 50 
21 | 16 52 39 Z 13 40 | 30 a 


THE PATHOGENIC PROPERTIES OF BCG 


A Critical Review of the Experiments of Sasano and Medlar! 
A. BOQUET? 


Among the existing attenuated living viruses, used in vaccination 
(anthrax, pasteurella, the filterable virus of peripneumonia, rabies, cow- 
pox, etc.), none has been the subject of so much systematic research work 
as has been BCG, Calmette’s and Guérin’s attenuated bovine tubercle 
bacillus, used in vaccination against tuberculosis. A huge amount of 
experimental work has indeed been done on this strain with the view of 
establishing the transitory or fixed character of its attenuation, and the 
eventual dependence of this attenuation on special conditions iu vitro 
or in vivo. 

As for B. anthracis, we know, since the experiments of Pasteur and 
Miss Tsiklinsky, that completely avirulent strains of this microbe may 
gradually return to normal virulence by successive passages in mice, 
guinea pigs, young and adult rabbits, sheep and cattle. We also know 
that avirulent anthrax strains, as used in vaccination, may lose their 
immunizing properties, when kept and transplanted exclusively on arti- 
ficial culture media, or exposed indefinitely to the open air. But the 
precision of Pasteur’s, Chamberland’s and Roux’s method is such, and 
its results are so convincing, that nobody has been kept from antianthrax 
vaccination from fear of a return to virulence or an excessive attenua- 
tion of their vaccinal strains. If anthrax had spread as an epidemic 
among mankind, appropriate doses of attenuated anthrax strains would 
have been applied without hesitation for human vaccination. 

A few years ago every bacteriologist still believed that the different 
microbic species formed well-defined groups, within which rather ex- 
tensive variations were possible, and certain properties of which depended 
directly upon environment, and might gradually disappear (for instance, 
virulence and the aptitude to parasitism). The opinion prevailed that it 
was necessary, in order to restore their original properties to such modi- 
fied microbes, to submit them to a reverse adaptation treatment, realized 


1See AMERICAN REVIEW OF TUBERCULOSIS, 1931, xxiii, 215. 
2 Tuberculosis Laboratory of the Pasteur Institute, Paris. 
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by animal passages (as shown by Pasteur in the case of anthrax, and by 
Marmorek for streptococcus), or by passages 7” vitro on appropriate cul- 
ture media (as shown by Bordet and Sleeswijk for B. pertussis). Some 
attributed the results, obtained by these methods, to a selection of less- 
degraded germs, while others believed in a genuine readaptation, that is, 
a total and progressive reappearance of lost or at least latent properties. 

Lately, researches made by Arkwright (1921), de Kruif (1921), A. S. 
Griffith (1923), Reimann (1925), Soule (1928) and many other bacteri- 
ologists have shown, that pathogenic and saprophytic microbic species 
and varieties cannot be considered as fixed morphological and pathologi- 
cal entities, but that every one of them may be differentiated into two 
quite different types, having each its own characteristic growth-appear- 
ance, biochemical and immunizing properties and virulence. Arkwright 
states, for instance, that bacilli of the coli-typhoid-dysentery group, im- 
planted on agar, form round smooth and irregular rough colonies. The 
first, designated as S colonies, contain virulent germs; the others, called 
R colonies, have little or no virulence. There are also intermediate types. 

The S type is unstable, and may be transformed into the R type by a 
certain number of physical or biological agents (temperature, physical 
conditions and reaction of culture medium, antiseptics, bacteriophage), 
or by culturing in a medium containing normal rabbit serum or a corre- 
sponding antiserum. 

Consequently, appropriate artificial transformation may lead to the 
creation, in certain cases, of viruses of degraded and relatively fixed viru- 
lence, which can be used as vaccines against the S-type microbes of the 
same species. The vaccines against anthrax and chicken cholera are 
considered as the most typical instances of such a transformation. 

Now these facts could very well be understood in the light of classical 
bacteriological knowledge. Nevertheless, the possibility of a reverse 
transformation of R-type into S-type strains by selection or by artificial 
conditions had to be demonstrated. The eventual existence of such re- 
verse transformations would yield precious information concerning the 
epidemiology of certain infectious diseases and the pathogenic activity of 
certain microbes such as pneumococcus and B. coli, the experimental 
virulence of which does not correspond to the gravity of spontaneous 
infections caused by these germs in man and animals. The existence of 
such reverse transformation of R-type into S-type strains has been es- 
tablished in the case of pneumococcus by Strycker by means of passages 
in mice, and by Dawson and Avery by serial-culture passages in broth 
containing anti-R serum. 
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The preceding remarks may seem superfluous with regard to BCG, 
but they are indispensable as an introduction to our subject. 

The opponents of Calmette’s and Guérin’s method may indeed be 
ranged in three groups. 

To the first group belong those who believe that BCG is not entirely 
avirulent: unknown conditions should favor the creation of typical, 
slowly progressive and sometimes mortal tuberculous lesions caused by 
BCG in guinea pigs. The representatives of this group are Pirquet, 
who rejected every form of vaccination, Watson, Nobel and Hutyra. 
Their arguments have been many times refuted, and we will not con- 
sider them here. 

The second group of opponents pretend that the virulence of BCG can 
be made to augment gradually by animal passages in guinea pigs or 
rabbits (Korschun, Kirchner), or by cultivation in special media (Much). 
It is even believed that this activation of virulence is more easily and 
regularly obtained in vivo by combining the inoculation of BCG with in- 
jections of certain substances (lactic acid, Much), or by inoculating BCG 
into guinea pigs already infected with a pathogenic streptococcus (Hor- 
maeche and Makinnon). A great number of control experiments have 
been made in various laboratories where BCG vaccine is prepared, and 
these have failed to confirm the above-mentioned results. 

The principal representative of the third group is Petroff. The authors 
who belong to this group have tried to apply the general notions about 
microbic dissociation, reported above, to BCG, in order to obtain viru- 
lent S colonies and avirulent R colonies. It is indeed possible to disso- 
ciate BCG cultures, and to obtain two types of colonies, but the experi- 
ments of Gerlach, Kraus, Neufeld, B. Lange, Piasecka-Zeyland, C. 
Prausnitz and many others have proved that the S-type colonies of BCG 
are no more virulent for guinea pigs and rabbits than are the R-type 
colonies. 

Consequently discussion on the subject seemed closed. But recently 
Sasano and Medlar have taken it up again from a new point of view in 
an article published in England (1) ana in America (2). 

Contrary to Watson and Nobel, Sasano and Medlar do not contest 
that BCG, when cultivated on glycerol-bile-potato as indicated by Cal- 
mette and Guérin, never causes progressive tuberculous lesions, even in 
large doses of 20 mgm. in rabbits, but they claim to have succeeded in 
increasing its virulence and to have restored the pathogenic properties 
of the strain from which it has been derived, by culturing BCG on an 
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TABLE 1 


(According to Sasano and Medlar) 
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appropriate medium, which imitates as nearly as possible the natural 
conditions of the animal organism. ‘This particular medium is the syn- 
thetic medium of Sauton, containing 35 per cent glycerol, adjusted to 
pH 7.2-7.4 with sodium carbonate immediately before implantation, 
and to which 10 per cent of fresh rabbit serum is added. 

The first culture on this medium develops slowly, but in the subsequent 
subcultures, transplanted every two or four weeks, growth becomes the 


SUBCUL- 
TURES 


GROSS PATHOLOGY 


MICROSCOPIC PATHOLOGY 


0.1 


30 


extensive generalized 
tuberculosis 

extensive generalized 
tuberculosis 

extensive generalized 
tuberculous 

extensive 
tuberculosis 

extensive generalized 
tuberculosis 


generalized 


extensive generalized 
tuberculosis 

extensive generalized 
tuberculosis 

extensive generalized 
tuberculosis 

extensive generalized 
tuberculosis 

extensive generalized 
tuberculosis 


acute tuberculosis; bacilli numer- 


ous 


acute tuberculosis; bacilli numer- 


ous 


acute tuberculosis; bacilli numer- 


ous 


acute tuberculosis; bacilli numer- 


ous 
lesions mostly abscesses; 
very numerous 


lesions mostly abscesses; 
very numerous 

lesions mostly abscesses; 
very numerous 

lesions mostly abscesses; 
very numerous 

lesions mostly abscesses; 
very numerous 

lesions mostly abscesses; 
very numerous 


bacilli 


bacilli 
‘bacilli 
bacilli 
bacilli 


bacilli 


more and more rapid. In the fourth subculture the microbic veil, cover- 
ing the liquid, becomes thinner and more friable, and can be easily 
emulsified in physiological salt solution. 
pathogenic properties of BCG are modified to such an extent, that intra- 
venous injection of 1 mgm. is followed by generalized tuberculosis in 
rabbits, causing death in 30-60 days. 
the virulence still increases, as shown in table 1. 
culture kills guinea pigs in 60 days in a dosage of 0.02 mgm. by subcuta- 


In the third subculture the 


In the subsequent subcultures 
Finally the eighth sub- 


a 
|_| 
aa 
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50 
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20 
6 2 1 11 
22 
7 Z 1 21 
22 
Rid. 
- 


A. BOQUET 


TABLE 2 
First series, BCG397 
Guinea pigs 


NUMBER AND 
DOSE AND | DATE OF 
DATE OF PASSAGE WAY OF mece- | ae RESULTS OF AUTOPSIES 


ON SAUTON’S + DEATH 
SERUM INOCULATION | LATION 


mgm. 
AZ A242 10 I. P.* |14.1.31/16.2.31] one nodule (small pea) on omentum, one 
small nodule (pin’s head) on spleen 
A2, 12.12 .1.31/16.2.31] no autopsy 

A2, 12.12 10. .1.31/16.2. no autopsy 

A2, 12.12 10. abscess: slight hypertrophy of inguinal 
nodes 

A3, 27.12 .1.31)11.3.31] abscess: slight hypertrophy of inguinal 
nodes 

A3, 27.12 10 P. C. .1.31]12.3.31] abscess: slight hypertrophy of inguinal 
nodes 

A3, 27.12 10 I. P. .1.31]23.4.31| no tuberculous lesions 

A3, 27.12 10:1.P. .1.31/27.4.31] killed: no tuberculous lesions 

A4, 2.1 1OPrC, .2.31/14.3.31] abscess: slight hypertrophy of inguinal 
nodes 

A4, 2.1 AOPP OC. .2.31/24.3. abscess: slight hypertrophy of inguinal 
nodes 

A4, 2.1 6.2.31/20.2.31} nodules on omentum 

A4, 2.1 IIOP: 6.2.31} 7.3.31] nodules on omentum and small nodule 
on spleen | 

AS, 14.1 10 P:C. 1162.31 abscess: slight hypertrophy of inguinal 
nodes 

AS, 14.1 10 P.C. |16.2.31/28.2.31] abscess: slight hypertrophy of inguinal 
nodes 

AS, 14.1 10 P. C. |16.2.31) 9.3.31] abscess: slight hypertrophy of inguinal 
nodes 

AS, 14.1 101. P. |16.2.31/26.2.31| omentum thickened 

AS, 14.1 101. P. |16.2.31)26.2.31| omentum thickened 

AS, 14.1 101. P. |16.2.31/24.2.31) abscess and adhesions on omentum: five 
small nodules on liver 

A6, 22.1 10 P. C. |24.2.31)25.3.31) abscess: slight hypertrophy of inguinal 
nodes: lumbar nodes normal: pseu- 
dotuberculosis of mesenteric nodes, 
liver and spleen 

24.2.31) 9.3.31] abscess: slight hypertrophy of inguinal 
nodes 

24.2.31/21.3.31] abscess: slight hypertrophy of inguinal 
nodes: pseudotuberculosis of mesen- 
teric nodes and spleen 
24.2.31/29.4.31) killed: no tuberculous lesions 
24.2.31/25.3.31| omentum thickened: pseudotuberculo- 
sis of mesenteric nodes and spleen 
(culture) 


768 


PATHOGENICITY OF BCG 


TABLE 2—C oncluded 


ON sAUTON’s GUINEA DEATH RESULTS OF AUTOPSIES 
mgm. 
A6, 22.1 24 | 101.P. |24.2.31/13.3.31) nodules on thickened omentum 
a A7, 2.2 25 | 10P.C. | 6.3.31) 9.6.31) no tuberculous lesions 
A7, 2.2 26 | 10 P.C. | 6.3.31/18.3.31| abscess: slight hypertrophy of inguinal 
ad and lumbar nodes 
Ail, 2.2 27 | 10P.C. | 6.3.31)17.4.31] no tuberculous lesions 
A7, 2.2 28 | 101. P. | 6.3.31/14.3.31) abscesses in omentum and peritoneum 
AZ, 2.2 29 | 101. P. | 6.3.31/17.4.31) one purulent nodule in omentum 
al A7, 2.2 | 6.3.31]17.3.31] three purulent nodules in omentum 
A9, 28.2 31 | 10P.C. (25.3.31)13.4.31) slight hypertrophy of inguinal nodes 
28.2 31 | 10P.C slight hypertrophy of inguinal nodes 
A9, 28.2 32 | 10 P.C. |25.3.31/20.4.31) slight hypertrophy of inguinal and lum- 
bar nodes 
A9, 28.2 33 | 10 P.C. |25.3.31|28.4.31) slight hypertrophy of inguinal and 
lumbar nodes 
A9, 28.2 34 !10P.C. |25.3.31/14.4.31) purulent nodules on omentum 
A9, 28.2 35 | 10 P.C. |26.3.31|20.4.31] purulent nodules on omentum 
A9, 28.2 36 | 10 P.C. |26.3.31/26.5.31) no tuberculous lesions 


* PC= per cutem. 


IP = intraperitoneal. 


neous injection, and calves in 34 days in a dosage of 0.8 mgm. by intra- 
venous injection. 

Two control rabbits, inoculated intravenously with 20 mgm. of BCG, 
cultivated on bile-potato, have been killed one year after inoculation. 
They had never presented any sign of disease, and were in perfect health 
when killed. No macroscopic lesions were found at autopsy. Micro- 
scopic examination of their tissues revealed the presence of some giant 
cells and some small tubercles in the lungs, spleen and liver, but no bacilli 
could be found. 

These last facts fully confirm our own observations, published with 
Calmette and Negre in 1921 (3), and the anatomical researches of Cou- 
laud (4), and establish once more the innocuousness of BCG. 

Now in their efforts to increase the virulence of BCG, Sasano and Med- 
lar ought to have followed closely its progression in every subculture on 
their special medium, and it is to be regretted that nothing whatever is 
said in their important publication about the effects on rabbits of the 
first two passages. 

Through the courtesy of Doctor Medlar, who communicated the re- 
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sults of his work to us three months before they were published, we were 
able to start repeating his experiments in December, 1930, and we now 
proceed to give a summary of these control experiments. 


TABLE 3 
Rabbits 


NUMBER AND 
DATE OF CULTURE 
PASSAGE 


DOSE OF 
INTRA- DATE OF 
VENOUS | INOCULA- a RESULTS OF AUTOPSIES 
INOCULA- TION 
TION 


A2, 12.12 
A2, 12.12 
A3, 27.12 
A4, 2.1. 
AS, 14.1 
AS, 14.1 
AG, 22.1 
A6, 22.1 
A7, 2.2 
A7, 2.2 
A9, 28.2 
A9, 28.2 


COONAN WD 


mgm. 
10 no tuberculous lesions 

no tuberculous lesions 

no tuberculous lesions 

killed: no tuberculous lesions 

killed: no tuberculous lesions 

no tuberculous lesions 

killed: no tuberculous lesions 

killed: no tuberculous lesions 

no tuberculous lesions 

killed: no tuberculous lesions 


Pasteurellosis; (culture): two small foci 
of bronchopneumonia, containing a 
a few acid-fast bacilli. The tissue in 
question was crushed and inoculated 
subcutaneously into four guinea pigs 
(see table 4) 


TABLE 4 


Guinea pigs, inoculated with bacilli containing lung tissue of rabbit 12, table 3 


NUMBER OF 
GUINEA PIG 


DATE OF 
INOCULATION DATE OF DEATH RESULTS OF AUTOPSIES 


37 
38 
39 


40 


18.4.31 21.4.31 big abscess at inoculation point 

18.4.31 22.4.31 big abscess at inoculation point 

18.4.31 24.4.31 abscess at inoculation point: inguinal 
nodes hypertrophied and haemorrhagic, 
containing a few acid-fast bacilli 
27.4.31 abscess at inoculation point: no bacilli 
in inguinal nodes 


FIRST SERIES OF EXPERIMENTS 
(See Tables 2, 3 and 4) 


On December 4, 1930, two 100-cc. flasks, each containing 50 cc. of the 
Sasano-Medlar medium, pH 7.2, were implanted with a fragment of a 


BER OF 
RABBIT 
10 
11 10 25.3.31) 27.3.31 
| 
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TABLE 5 


Second series, BCG389 


Guinea pigs 
| | amp | pare ce 
"ON sAUTON'S GUINEA WAY OF IN- RESULTS OF AUTOPSIES 
mgm. 
BS, 28.2 41 | 10P.C. |25.3.31|27.3.31 
BS, 28.2 42 | 10 P.C. |25.3.31|20.4.31| abscess at inoculation point: hyper- 
trophy of inguinal nodes: lumbar 
nodes normal: pseudotuberculosis of 
mesenteric nodes, spleen and liver 
(culture): fragments of spleen, lungs 
and glands are inoculated into 3 guinea 
pigs (see table 7) 
BS, 28.2 43 | 101. P. |25.3.31/11.4.31) purulent nodules in omentum 
BS, 28.2 44 | 101. P. |25.3.31) 8.4.31] purulent nodules in omentum 
BS, 28.2 45 | 101. P. |25.3.31|31.3.31| purulent nodules in omentum 
B6, 27.3 (po- | 49 | 15 P.C. | 6.5.31) 8.6.31] small abscess: slight hypertrophy of in- 
tato) guinal nodes 
B6, 27.3 (po- | 50 | 15 P.C. |} 6.5.31/12.6.31] trace of abscess: slight hypertrophy of 
tato) inguinal nodes 
B6, 27.3 (po- | 51 | 15 P.C.} 6.5.31) 7.7.31) killed: slight hypertrophy of inguinal 
tato) nodes 
B6, 27.3 (po- | 52 | 15 P.C. | 6.5.31/18.5.31] abscess: slight hypertrophy of inguinal 
tato) and lumbar nodes 
B6, 27.3 (po- | 53 | 15 P.C. | 6.5.31] 7.7.31) killed: abscess at inoculation point: 
tato) slight hypertrophy of inguinal and 
lumbar nodes . 
B6, 27.3 (po- | 54 | 15 P.C. | 6.5.31/13.5.31} abscess: slight hypertrophy of inguinal 
tato) nodes 
B6, 27.3 (po- | 55 | 15 P. C. | 6.5.31/18.5.31) abscess: slight hypertrophy of inguinal 
tato) ° and lumbar nodes, containing a few 
acid-fast bacilli 
B6, 17.4] 56 | 15 P.C. | 6.5.31)12.6.31) trace of abscess: hypertrophy of inguinal 
(thin veil) nodes: lumbar nodes normal: hyper- 
trophy of mesenteric nodes (cocco- 
bacilli of pseudotuberculosis), a few 
granulations, containing some acid- 
fast bacilli, on spleen and liver: the 
spleen was crushed, treated with 10 
per cent sulphuric acid, and inoculated 
into 3 guinea pigs (see table 8) 
B6, 17.4} 57 | 15 P.C. | 6.5.31/11.5.31) abscess: slight hypertrophy of inguinal 
(thin veil) “ and lumbar nodes 
B6, 17.4} 58 | 15 P.C.| 6.5.31) 6.7.31] killed: slight hypertrophy of inguinal 
(thin veil) and lumbar nodes 
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TABLE 5—Concluded 


NUMBER AND 

DOSE AND | DATE OF 

WAY OF IN- | INOCU- RESULTS OF AUTOPSIES 
SERUM OCULATION | LATION 


mgm. 
B6, 17.4 a.P..C. | 6.5.38 abscess: slight hypertrophy of inguinal 
(thin veil) nodes 
B6, 17.4 abscess: slight hypertrophy of inguinal 
(thin veil) nodes: normal lumbar nodes contain a 
few acid-fast bacilli 
B6, 17.4 P..C. | 6.5.38 killed: idem 
(thin veil) 
B6, 17.4 BP. C. killed: idem 
(thin veil) 
B6, 17.4 as number 60 
(thin veil) 
(thin veil) 
B6, 17.4 as number 60 
(thin veil) 
B6, 17.4 113.531 as number 60 
(thin veil) 


veil of BCG (second passage on Sauton’s medium of the 397th subculture 


on bile-potato). We call this first culture on the Sasano-Medlar 
medium AJ. 


December 12, 1930, Ai transplanted on Sasano-Medlar: A2. 

December 27, A2 transplanted on Sasano-Medlar: A3. 

January 2, 1931, A3 transplanted on Sasano-Medlar: A4. 

January 14, A4 transplanted on Sasano-Medlar: AS. 

January 22, AS transplanted on Sasano-Medlar: A6. 

February 2, A6 transplanted on Sasano-Medlar: A7. 

February 14, A7 transplanted on Sasano-Medlar: A8. 

February 28, A8 transplanted on Sasano-Medlar: A9. 

March 16, A9 transplanted on Sasano-Medlar: A10. 

April 17, A10 transplanted on several glycerol-broth-potatoes. 


All the subcultures on Sauton’s medium containing one-tenth fresh 
rabbit serum have developed rapidly and yielded abundant, thick veils. 
SECOND SERIES OF EXPERIMENTS 
(See Tables 5, 6,7 and 8) 


On January 6, 1931, two 100-cc. flasks, each containing 50 cc. of the 
Sasano-Medlar medium, pH 7.2, were implanted with a BCG culture 


i 


TABLE 6 
Rabbits 


PATHOGENICITY OF BCG 


NUMBER AND DATE 
OF CULTURE 


DOSE OF 
INTRAVE- 


ULATION 


NOUS INOC- 


DATE OF 
INOCU- 
LATION 


DATE OF 


DEATH 


RESULTS OF AUTOPSIES 


BS, 28.2 
BS, 28.2 


BS, 28.2 

BS, 28.2 

B6, 27.3 (thin 
veil + thick 
veil) 

B6, 27.3 (thin 
veil + thick 
veil) 

B6, 27.3 (thin 
veil + thick 
veil) 

B6, 27.3 (thin 
veil + thick 
(veil) 

B6, 27.3 
veil) 

B6, 27.3 
veil) 

B6, 27.3 
veil) 

B6, 17.4 
veil) 

B6, 17.4 
veil) 

B6, 17.4 
veil) 

B6, 17.4 

veil) 


(thin 


(thin 


(thin 


(thin 


(thin 


(thin 


(thin 


19 


20 


21 


22 


23 


24 


25 


26 


27 


mgm. 
10 
10 


10 
10 
15 


15 


15 


15 


15 


15 


15 


15 


15 


15 


15 


6.5.31/3 


6.5.31 


6.5.31)2 
6.5.31/1 
6.5.31 
13.5.31 
13.5.31 
13.5.31 


13.5.31 


0.5.31 


7.7.31 


2.5.31 
0.6.31 
7.7.31 
6.7.31 
7.7.31 
7.7.31 


7.7.31 


killed: no tuberculous lesions: one 
small abscess under pleura contain- 
ing no acid-fast bacilli 

no tuberculous lesions 

no tuberculous lesions 

no tuberculous lesions 


no tuberculous lesions 
one very small nodule in pleura, con- 


taining a few acid-fast bacilli 


killed: no tuberculous lesions 


no tuberculous lesions 

no tuberculous lesions 

killed: no tuberculous lesions 

at the base of one lung 4 small nodules, 
containing no acid-fast bacilli 

killed: no tuberculous lesions 


killed: no tuberculous lesions 


killed: no tuberculous lesions 


January 31, 
February 14, 
February 28, 
March 


16, 


January 22, 1931, Bi transplanted in Sasano-Medlar: B2. 
B2 transplanted in Sasano-Medlar: B3. 
B3 transplanted in Sasano-Medlar: B4. 
B4 transplanted in Sasano-Medlar: .BS. 
B5 transplanted in Sasano-Medlar: B6. 


(389th passage on glycerol-bile-potato of April 12, 1930) by emulsifying 
the whole microbic growth (50 mgm.) directly in the liquid culture 
medium. We call this first culture B/. 
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On the first culture, B1, a very thin veil developed, slowly covering the 
whole surface of the medium. The veils of B2, B3 and B4 were wrinkled, 
and thick, like those of normal BCG cultures on Sauton. But the veil 
on B5 was partly thin, partly thick, and fragments of both varieties were 
implanted on Sasano-Medlar medium, two flasks for each variety. 
Moreover, on March 27, thin and thick parts of the veil on B5 were trans- 
planted separately on glycerol-broth-potato. On this medium the thin 
veil developed into a culture, which showed more delicate wrinkles, and 


TABLE 7 
Guinea pigs, inoculated with lesions of guinea pig 42 


DATE OF 
INOCULATION 


NUMBER OF 
GUINEA PIG 


DATE OF DEATH RESULTS OF AUTOPSIES 


22.4.31 inguinal nodes hypertrophied and haem- 


orrhagic. 


46 20.4.31 


idem 
killed in agony: pseudotuberculosis: in- 
guinal node hypertrophied, contains 
pus with a few acid-fast bacilli and 
numerous coccobacilli of pseudotuber- 
culosis (culture) 


22.4.31 
19.5.31 


47 20.4.31 
48 20.4.31 


TABLE 8 
Guinea pigs inoculated with spleen of guinea pig 56 


NUMBER OF 
GUINEA PIG 


DATE OF 
INOCULATION 


DATE OF DEATH 


RESULTS OF AUTOPSIES 


67 
68 


12.6.31 
12.6.31 


intracutaneous tuberculin reaction nega- 


tive on 30.6 and 10.7: killed; no tuber- 
culous lesions 

intracutaneous tuberculin reaction nega- 
tive on 30.6 and 10.7: killed; no tuber- 
culous lesions 


69 12.6.31 


was less dry and more easily emulsified than the culture yielded by the 


thick part of the veil. But these differences disappeared in the course 
of subsequent subcultures, and no more difference was to be seen at the 
third subculture on glycerol-potato. 


THIRD SERIES OF EXPERIMENTS 


(See Tables 9 and 10) 


On January 20, 1931, two 100-cc. flasks, each containing 50 cc. of the 
Sasano-Medlar medium, pH 7, 2, were implanted with BCG (first 12-day- 
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old passage on glycerol-broth-potato from 401st subculture on glycerol- 
bile-potato). We call this first culture C/. 


January 30, 1931, C1 transplanted on Sasano-Medlar: C2 


February 14, C2 transplanted on Sasano-Medlar: C3. 
February 24, C3 transplanted on Sasano-Medlar: C4. 
March 11, C4 transplanted on Sasono-Medlar: C5. 
March 26, C5 transplanted on Sasano-Medlar: C6. 


April 17, C6 transplanted on glycerol-broth-potato. 


TABLE 9 
Third series BCG401 
Guinea pigs 


NUMBER| DOSE AND DATE OF 


OF WAY OF DATE OF 
GUINEA| INOCULA- aa po DEATH RESULTS OF AUTOPSIES 


PIG TION 


NUMBER AND 
DATE OF 
CULTURE 


mgm. 
C4, 24.2 70 | 10P.C. |25.3.31]15.4.31) small abscess at inoculation point: 
slight hypertrophy of inguinal and 
lumbar nodes 


C4, 24.2 71 | 10 P.C. (25.3.31]17.4.31 idem 

C4, 24.2 72 | 10 P.C. |25.3.31)20.4.31 idem 

C4, 24.2 73 | 101. P. |25.3.31/20.4.31} no tuberculous lesions 

C4, 24.2 74 | 101. P. |26.3.31) 4.7.31) killed: no tuberculous lesions 

C4, 24.2 75 | 101. P. |25.3.31| 4.7.31] killed: no tuberculous lesions 

C6, 17.4 (po- | 76 | 15 P.C. |13.5.31) 8.7.31) killed: abscess at inoculation point: 
tato) slight hypertrophy of inguinal and 


lumbar nodes 
C6, 17.4 (po- | 77 15 P. C. |13.5.31) 8.7.31} killed: idem 


tato) 

C6, 17.4 (po- | 78 | 15 P.C. /13.5.31) 8.7.31) killed: idem 
tato) 

C6, 17.4 (po- | 79 | 15 P. C. |13.5.31] 8.7.31) killed: abscess at inoculation point: 
tato) slight hypertrophy of inguinal and 


lumbar nodes: pseudotuberculosis of 
spleen and mesenteric glands (cocco- 
bacilli) 


All the subcultures on Sauton, containing rabbit serum, have yielded 
thick, wrinkled veils, rapidly covering the surface of the medium. 
Inoculations of the different subcultures, obtained in the three above- 
mentioned experiments, have been made, the details of which may be 
found in the tables at the end of this article. Sixty-nine guinea pigs and 
33 rabbits have been inoculated subcutaneously, intraperitoneally and inira- 
venously, with doses of BCG ten to fifteen times greater than those used by 
Sasano and Medlar, without showing the least sign of tuberculosis. What- 
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ever might have been the number of passages on Sasano-Medlar’s 
medium, we never noticed any lesions different from those caused by the 
original BCG: that is (according to the way of inoculation), abscesses, 
hypertrophy of corresponding lymph nodes, nodules of the epiploon and 
peritoneum, which were sometimes localized on the capsule of the spleen 
or liver, and such local lesions were always transient and benign, exactly 
like those caused by ordinary BCG: they healed within the same time. 

Cases of pseudotuberculosis were met with, which have led some 
authors to attribute certain lesions, looking like tuberculosis, to BCG, 
whereas they are in reality due to a gram-negative coccobacillus, and can 
be easily recognized by microscopic examination, culturing, and inocula- 
tion of the suspected tissues. 

Consequently we failed to observe the slightest modification of viru- 
lence in BCG, cultured and subcultured on Sauton’s medium, containing 


TABLE 10 
Rabbits 


DOSES, IN- 

NUMBER AND DATE OCULATED —— te DATE OF 
OF CULTURE INTRA- pepo DEATH 

VENOUSLY 


RESULTS OF AUTOPSIES 


C4, 27.2 25:3 
C4, 27.2 25.3.31) 17.4.31) no tuberculous lesions 
C6, 27.4 (potato) 13.5.31) 22.5.31] no tuberculous lesions 
C6, 27.4 (potato) 13.5.31) 12.6.31] no tuberculous lesions 
C6, 27.4 (potato) 13.5.31) 8.7.31] killed: no tuberculous lesions 
C6, 27.4 (potato) 13.5.31] 8.7.31] killed: no tuberculous lesions 


fresh rabbit serum, though we followed exactly the technique indicated 
by those authors, and though we experimented with three different 
strains of BCG. 

Besides, though it be possible, generally speaking, to increase the viru- 
lence of an attenuated microbe in vitro, as we mentioned before, instances 
of such transformations are really quite exceptional. Even Petroff, who 
first claimed that avirulent R colonies of BCG could be changed into 
virulent S-type colonies by five to six passages on a culture medium con- 
taining anti-R serum or by culturing on a medium containing fresh 
rabbit serum, no longer insists on this point. 

Moreover, the S germs, dissociated from BCG by the three American 
authors, are not only different as to their respective virulences, but also 


q 
4 


PATHOGENICITY OF BCG 777 


as to their pathogenicity for animals, Petroff’s S bacillus being of little 
virulence for rabbits, and presenting the properties of a human-type 
bacillus, whereas Sasano’s and Medlar’s bacillus is extremely virulent 
for rabbits and cattle, and belongs evidently to the bovine type. We 
leave it to the authors to explain these differences. 

No doubt there is no extravagance in admitting that one might suc- 
ceed some day in modifying the morphological and biochemical proper- 
ties, and even the pathogenicity of BCG, by certain experimental arti- 
fices. But the irrefutable proof of such transformation, be it partial or 
total, sudden or gradual, has not been produced up to date. The 
negative results of our experiments allow us to presume that Sasano and 
Medlar have been the victims of an experimental error, and that they 
will easily find out its cause, if they repeat the unique positive experi- 
ment on which their premature conclusions are based. 
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In 1902 Behring, at the famous conference at Kassel, made the follow- 
ing remarks: “A successful vaccination against tuberculosis will render 
sanatoria and hospitals useless, just as vaccination against smallpox put 
the lazarettos out of existence.” 

On the other hand it has been demonstrated in civilized countries, 
where social and hygienic measures have been in operation for the last 
thirty years, that the mortality from tuberculosis has diminished more 
than 50 percent. The morbidity, however, has not declined appreciably 
because of this measure. This is probably due in part to the fact that 
the race still is subjected to widespread infection. 

Both Koch and Behring made attempts to devise methods of prophy- 
lactic immunization against tuberculosis, the former introducing Tauru- 
man and the latter Bovovaccine. The value of these preparations was 
disappointing and to-day they are only of historical interest. Follow- 
ing in the above authors’ footsteps, Calmette and Guérin recently intro- 
duced a new method of vaccination which has attracted considerable 
interest in the medical world. These authors used an attenuated bovine 
culture, known as BCG, for prophylactic immunization. 

Our present knowledge concerning immunity to tuberculosis is based 
on observations made by Koch, namely, that a guinea pig infected with 
tubercle bacilli reacts to reinfection not only with a tuberculous process, 
but also with allergic, that is, inflammatory manifestations. 

Roemer, Behring’s assistant, followed closely the principles laid down 
by Koch, applying quantitative methods, and definitely demonstrated 
partial immunity to tuberculosis in his experimental animals. Further- 
more, he demonstrated that a true immunity was present only in animals 
having a definite tuberculous process, established only by virulent tu- 
bercle bacilli. A nonvirulent organism, according to this author, failed 


1 Presented before the Pathological Section at the twenty-seventh annual meeting of 
the National Tuberculosis Association, Syracuse, New York, May 12, 1931. 
2 Director of Public Health and of the Bacteriological Institute, Santiago, Chile. 
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to immunize animals against a virulent tubercle-bacillus infection. 
Roemer also found that animals immunized with living bovine bacilli 
were protected against an infection with the human organism. These 
observations unquestionably had great influence on Calmette, who ap- 
plied the same principle, using an attenuated bovine culture. 

All students of tuberculosis agree that tuberculosis immunity can in 
no way be compared with that of other infectious diseases, mainly be- 
cause there must be a tuberculous focus for successful protection. As 
long as such a focus is present, there is some immunity but, as soon as it 
has become healed, the immunity wanes and disappears. We have been 
able to confirm this hypothesis. Using the cutaneous method of infec- 
tion in vaccinated monkeys, I noticed complete healing and disappear- 
ance of the reinfected lesions, but, as soon as such lesions had healed, the 
immunity had disappeared. The mechanism of this acquired immunity 
cannot be at present clearly defined. Unquestionably phagocytosis and 
the reticuloendothelial system have important functions in the mecha- 
nism of immunity. This is generally accepted by most investigators. I 
have definitely demonstrated intraperitoneal bacteriolysis, causing the 
disappearance of Koch’s bacilli in infected animals. Similar observa- 
tions have been made by Bronfenbrenner. More recently Toeppich 
and Gromelot of Koenigsburg, using the histological method, demon- 
strated intracellular and extracellular destruction of tubercle bacilli in 
sensitized animals. 

Even with a great wealth of experimental data, our knowledge of the 
cause of natural and acquired immunity in tuberculosis is still very 
limited. 

After this brief review, I shall frankly approach the problem of Cal- 
mette’s method of vaccination. Any method suggested as a prophylac- 
tic measure must be critically analyzed. As his vaccine is prepared 
from living organisms, we must first answer the questions: Is it innocu- 
ous? Is it a fixed virus and can it be considered of the same type as 
Jenner’s for smallpox or Pasteur’s for anthrax, hydrophobia and chicken 
cholera? 

Even with the wholesale vaccination of hundreds of thousands of 
babies practised in Europe and on the other continents, we have at pres- 
ent no adequate statistical data showing us that the vaccination has 
produced any immunity against the implantation of virulent tubercle 
bacilli. Competent statisticians, who have carefully analyzed the reports 
published by Calmette and his supporters, consider them useless. Lack- 
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ing adequate statistical data, our attention again must be concentrated 
on the question of the innocuousness of the organism. 

Calmette and Guérin in their earlier publications stated that the modi- 
fied bovine culture (BCG) was so deprived of its virulence that it did not 
produce any pathological process in susceptible animals. From this 
they concluded that the organism is a fixed virus, comparable to the vac- 
cines in hydrophobia and smallpox. It is accepted now that the two 
last-mentioned vaccines, having been rendered innocuous, remain fixed 
and cannot regain virulence and that the occasional postvaccination 
accidents probably are not due to the vaccine. According to Calmette 
the modified BCG cultures produce immunity without infections. Such 
an opinion however at present cannot be accepted, for the reason that 
it contradicts all the previous experimental facts on immunity to tubercu- 
losis. 

My interest in BCG dates back to 1927 while in Vienna, where I 
observed that the microédrganism produced a typical tuberculous process. 
Gerlach, of the Veterinary Institute in the same city, made similar ob- 
servations. The tuberculous process established, however, was benign 
in character; that is, it became localized and in time completely healed. 

The observations at that time led me to believe that the BCG culture 
was innocuous; that it was capable of establishing immunity through a 
nonprogressive infection; and I considered the BCG vaccine similar to 
those of Jenner and Pasteur. 

The Hygienic Committee of the League of Nations met in Paris in 
1928, to discuss and pass an opinion on the Calmette method of immuni- 
zation. The Committee was composed of clinicians, veterinarians and 
bacteriologists, most of whom agreed that the BCG vaccine was innocu- 
ous. At the same meeting Petroff presented observations contradictory 
to the general belief. This author by dissociation methods had been 
able to separate two types of colonies from the original culture, one 
nonpathogenic, called by him R, and a variant which produced progres- 
sive disease in animals, called S. 

An attempt to confirm Petroff’s observation has failed in the hands of 
Tzechnowitzer, Zeyland and Neufeld. I found that Petroff’s “S” cul- 
ture, which he so kindly sent me, corroborated his observation, being 
pathogenic for guinea pigs. But an attempt on my part to dissociate a 
virulent variant from my culture was not successful, although in a 
number of my cultures I found different types of colonies similar to those 
described by him. Calmette believes that Petroff’s discoveries were 
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accidental instances and that the virulent organism present in his cul- 
ture was a contamination with a human type of tubercle bacillus, for the 
reason that it produces tuberculosis only in guinea pigs and not in rabbits. 
Petroff’s findings, so far as variability of virulence of BCG culture is 
concerned, have been confirmed by Hutyra, a well-known bacteriologist 
in Budapest. This author observed in guinea pigs, inoculated during the 
winter months with BCG, progressive tuberculosis which could be trans- 
ferred to healthy animals. I have been able to repeat his observation 
with the culture supplied by him. More recently Hormaeche, of Monte- 
video, has been able to increase the virulence of the BCG culture by 
inoculating it into guinea pigs having a streptococcus infection. By 
this method the BCG became pathogenic and could be transferred 
through a series of animals. In my laboratory at Santiago, Hormaeche’s 
findings have been corroborated. It is interesting to point out here that 
Hutyra’s virulent BCG culture is pathogenic only for guinea pigs while 
that of Hormacche is pathogenic for guinea pigs and rabbits but not for 
calves. 

Watson’s (Canada) and Kirchner’s (Hamburg) experiments are in 
agreement with those of Hutyra. These authors came to the conclusion 
that the BCG culture under certain conditions can produce progressive 
tuberculosis in guinea pigs but not in rabbits. More recently Sasano 
and Medlar reported that the virulence of the apparently innocuous 
BCG culture can be modified by cultivating it on fluid media containing 
normal rabbit sera. Often such cultivations become pathogenic not 
only for guinea pigs but also for rabbits and calves. Dreyer’s experi- 
ments corroborate the contention that the BCG culture is unstable and 
that the pathogenicity can be regained by cultivating the organism under 
the surface of fluid media. His modified cultures were also pathogenic 
for laboratory animals. 

Much, by inoculating guinea pigs first with lactic acid and then with 
BCG, has been able to increase the virulence of the original culture. I 
have been able to confirm this observation. 

At my Institute in Santiago, Ariztia, Orellana and Del Rio cultivated 
from the lung and lymph node of a child, vaccinated with BCG twelve 
months previously, a culture which produced progressive tuberculosis in 
guinea pigs and rabbits. Fifty milligrams of this culture inoculated 
intravenously into calves failed to produce demonstrable tuberculosis 
after a period of three months. This type, however, does not corre- 
spond to bovine tubercle bacilli if we accept the present classifications. 
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The organism isolated by them corresponds closely to that reported by 
Hormaeche. Here we must point out that the child from whom the 
organisms were isolated gives no history of contact infection with either 
human or bovine organisms. Calmette, referring to this case, states that 
the child developed an exogenous infection from the nurse by whom it 
had been handled. According to Ariztia, the nurse had a renal tubercu- 
losis but no evidence of open pulmonary tuberculosis. Accepting Cal- 
mette’s supposition, how could we explain that the four infants mani- 
festing signs of tuberculous infection were in a group of ten vaccinated 
with BCG and that no such infection occurred in the remaining 50 infants 
who were not vaccinated and who had been handled by the same nurse? 
Another evidence against Calmette’s supposition is the fact that the or- 
ganism isolated from the infant had neither human nor bovine character- 
istics. Other evidence strengthening the improbability of an exogenous 
infection with human bacilli in these infants is the second culture iso- 
lated by Ariztia, Orellana, Del Rio and Garces from the intestinal lymph 
nodes of another infant who had died of peritoneal tuberculosis. This 
second culture produced progressive tuberculosis only in rabbits and not 
in guinea pigs or calves. 

The foregoing observations reported by independent investigators, 
coupled with our own recent findings, have led me to the conclusion that 
the BCG culture under certain conditions not yet clearly defined may 
acquire a certain degree of pathogenicity. The pathogenicity may vary 
for different laboratory animals. At times it may be pathogenic only 
for guinea pigs (Petroff, Watson, Hutyra, Kirchner); it may be patho- 
genic for guinea pigs and rabbits (Hormaeche, Ariztia, Orellana and Del 
Rio); and still further it may be pathogenic for guinea pigs, rabbits and 
calves (Sasano and Medlar); or it may be pathogenic only for rabbits 
(Ariztia, Orellano, Del Rio and Garces). From all this recently accu- 
mulated data we cannot completely ignore Petroff’s original observa- 
tions. Calmette’s asseration that his culture was contaminated with 
human tubercle bacilli cannot be accepted in the face of these recent 
new observations. Petroff’s dissociation experiments must be repeated 
by others and their value established if possible. 

The recent observations on the instability of BCG culture is not only 
of theoretical importance but also of practical consequence. The future 
of the Calmette vaccine will depend on investigations confirming or 
refuting the instability theory of the organism. The possibility of muta- 
tion may explain the tragic accident of Liibeck if with absolute certainty 
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we can exclude the possibility of contamination with human-type bacilli 
in Professor Deycke’s laboratory. The cultures isolated from Liibeck’s 
babies have produced tuberculosis only in guinea pigs and not in rabbits. 
To some it naturally suggests that there was an infection by human 
bacilli, but we must remember that Deycke cultivated his BCG cultures 
on egg media, a factor which, as pointed out by Petroff and Much, and 
also noted in our laboratory at Santiago, may have a great influence in 
modifying the organism. 

Professor Lange, who has made extensive investigations with cultures 
obtained from the Liibeck babies, concluded that the disaster was due 
to contamination of the BCG vaccine with human bacilli. His con- 
clusions were based on differentiations, using animal inoculation. Lange 
and Neufeld, discussing the Liibeck disaster, completely reject the possi- 
bility of the recuperation of virulence of BCG cultures. The former 
author, to support his contention, states that the cultures isolated from 
the infants resemble very much the “Kiel” culture which happened to 
be in Deycke’s laboratory at that time. 

We must remember that at present we have no adequate method to 
differentiate the human and bovine organisms. Therefore how can we 
state with certainty that this is a human and not a bovine tubercle bacil- 
lus? It is interesting to point out in this connection that Griffith, of 
England, studying Dreyer’s virulent BCG cultures, states that the or- 
ganism belongs neither to human nor bovine types and he classifies them 
as mammalian, of type unknown to bacteriology. , 

Here again we must ask ourselves the question mooted in former 
years: Is it possible to transmute one type of tubercle bacillus into 
others (bovine to human or vice versa)? The BCG culture at one time 
was pathogenic; after years it then was so modified that it became sup- 
posedly innocuous; but the question is, can it remain such by changing 
the environment? 

At present I believe that our former idea as to the innocuousness of 
BCG should be modified and that the organism can no longer be classified 
as a fixed virus. The reason for such modification has been forced on me 
by a number of investigations which have clearly pointed out that under 
certain conditions the organism can be so modified that a progressive 
tuberculosis in animals can be brought about. 

The decision of this problem is of the greatest importance. I there- 
fore propose to the National Tuberculosis Association at the Syracuse 
meeting the urgent necessity of an International conference, codperating 
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with the Hygienic Committee of the League of Nations, to examine 
Calmette’s claims, comparing them with the objections brought out 
by opponents of the vaccination so as to determine the innocuousness and 


value of this method. 
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